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for  providing  surface  coatings,  especially  for  the  interiors  of 
food  end  beverage  containers  comprises  e  blend  of  an 
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  An  aqueous  dispersion  of  a  polymer  composition  useful 
for  providing  surface  coatings,  especially  for  the  interiors  of 
food  and  beverage  containers  comprises  a  blend  of  an 
alkylol  acrylamide  based  self-curing  copolymer  containing 
functional  groups  and  an  epoxy-acrylic  copolymer  and 
optionally  further  contains  a  phosphated  polymer. 



BACKGROUND  OF  THE  INVENTION 

I 
This  invention  relates  to  polymeric  composit ions  and  p r o c e s s e s  

part icularly  useful  in  surface  coating  compositions,   and  more  par t icular ly   pertains  t o  

an  aqueous  blend  of  certain  react ive   self-curing  water  dispersed  polymers,  w a t e r -  

.  dispersed  epoxy-acrylic  copolymers,  and  optionally  containing  a  polymeric  p h o s p h a t e  

additive,  to  provide  water-based  can  coat ing  compositions  for  interior  coatings  f o r  

food  and  beverage  containers  and  s imi lar  sani ta ry   coating  app l i ca t ions .  

Water-based  coating  composit ions  for  use  as  internal   sani tary l iners   f o r  

metal  containers  are  suggested  in  U.S.  3,991,216.  Such  polymers  are  based  o n  

interpolymers  of  copolymerized  acry lamide   monomer,  carboxylic  monomer,  a n d  

other  ethylenically  unsaturated  monomers.   However,  such  polymers  are  difficult  t o  

spray  and  often  exhibit  deficient  film  propert ies  such  as  lack  of  resistance  t o  

ethanol  and  hence  are  undesirable  for  containers   for  alcoholic  beve rages .  

Epoxy  resins  are  par t icular ly   desirable.  for  use  in  surface  c o a t i n g  

materials  as  a  vehicle  or  polymeric  binder  for  pigments,  fillers,  and  other  add i t i ve s  

whereby  epoxy  resins  advantageously  provide  toughness,  flexibility,  adhesion,  a n d  

chemical  resis tance  and  water -d ispersed  coating  compositions  containing  e p o x y  

r e s i n s   are  highly  desirable  for  can  coating  compositions.  Coatings  for  soft  drink  a n d  

beer  cans,  for  instance,  are  cri t ical   due  to  taste  sensitivity  wherein  such  s a n i t a r y  

can  coatings  must  not  alter  the  product  taste   of  canned  beverages.   Taste  p rob l ems  

can  occur  in  a  variety  of  ways  such  as  by  leaching  of  coating  components  into  t h e  

beverage,  or  by  adsorption  of  flavor  by  the  coating,  or  sometimes  by  c h e m i c a l  

reaction,  or  by  some  combination  thereof.   In  commonly  assigned  U.S.  4,212,781,  a  

process  is  disclosed  for  modifying  epoxy  resin  by  reacting  the  epoxy  resin  wi th  

addition  polymerizable  monomer  in  the  presence  of  at  least  3%  by  weight  of  benzoyl  

peroxide  (or  the  free  radical  init iating  equivalent  thereof)  based  on  monomer  at  a  



sui table   r eac t ion   t empera tu re .   This  react ion  produces  a  react ion  mixture  con ta in ing  

an  in-si tu  formed  blend  of  resinous  mater ia ls   comprising  an  epoxy-acrylic   copo lymer  

mixture   'containing  epoxy  resin,  graft   epoxy-acryl ic   polymer,  and  a s soc ia t ive ly -  

formed  ungraf ted   addition  p o l y m e r .  T h e   in-situ  polymerized  monomers  include  ac id  

func t iona l   monomers  to  provide  acid  funct ional i ty   in  the  react ion  m ix tu r e  

s u f f i c i e n t l y   high  to  effect  stable  dispersion  of  the  result ing  reaction  product  in  a  

basic  aqueous  medium.  In  a  prefer red   embodiment   of  U.S.  4,212,781,  a  polyglycidyl  

e ther   of  bisphenol-A  is  reacted  with  a  mixture  of  addition  polymerizable   monomers  

con ta in ing   an  acrylic  acid  such  as  methacryl ic   acid.  The  epoxy  resin  has  a  molecu la r  

weight   above  4,000  and  provides  from  50%  to  90%  of  the  initial  react ion  mix tu re .  

The  r e a c t i o n   takes  place  in  the  presence  of  benzoyl  peroxide  at  an  e l e v a t e d  

t e m p e r a t u r e   above  80°C  and  preferably   between  about  110°C  and  130°C  to  e f f e c t  

addi t ion  po lymer iza t ion   of  the  monomer  and product   addition  polymer  graf ted  to  t h e  

epoxy  resin.  The  react ion  product  can  be  dispersed  in  a  basic  aqueous  medium  t o  

form  a  wa te r - r educ ib l e   epoxy-acryl ic   copolymer  m i x t u r e .  

It  now  has  been  found.  that  ce r ta in   r eac t ive   self-curing  water  d ispersed 

polymers   blended  with  epoxy-acrylic   copolymer  and  polymeric   phosphate  provides  an  

.  exce l l en t   coating  suitable  for  an  interior  coating  for  beverage  and  food  con ta iners .  

The  r e a c t i v e   self-curing  water  dispersed  polymer  contains  copolymerized  monomers  

including  functional   carboxyl,  hydroxyl,  amine  or  amide  monomers  preferably  i n  

combina t ion   with  alkylol  acrylamide  m o n o m e r s .   The  monomers  can  be  

copo lymer i zed   together  in  a  conventional   one-step  process.  Alternatively,   t h e  

monomers   can  be  polymerized  in  a  s tep-wise  react ion  to  concentra te   the  alkylol  

a c r y l a m i d e   on  the  surface  of  the  polymer  part icles   which  advantageously  provides  a n  

improved  water   dispersed  polymer  exhibiting  surprisingly  good  rheological  p roper t i e s  

including  viscosity,  stability,  and  spray  application.   By  concentrat ing  alkylol  

a c r y l a m i d e   on  the  polymer  surface,  it  is  believed  that   a  minor  amount  of  alkylol  

a c r y l a m i d e   reacts  with  a  minor  amount  of  functional   monomer  during  the  addi t ion 

po lymer i za t ion   of  ethylenic  monomers  to  provide  a  relat ively  rigid  or  hard  po lymer  

par t i c le   surface,   which  apparently  s tabil izes  the  viscosity  of  the  water  d ispersed 



blend  as  well  as  provide  considerable  shear  resis tance  during  subsequent   s p r a y  

application  of  the  blend.  Upon  ul t imately  heat  curing  of  the  composi t ion  of  t h i s  

invention,  the  water  dispersed  polymer  becomes  self-curing  by  the  a l k y l o l  

acrylamide  react ing  with  the  functional  monomer  groups  in  the  polymer.   By 

blending  the  react ive   self-curing  water  dispersed  polymer  with  a  w a t e r - d i s p e r s e d  

epoxy-acryl ic   copolymer,  the  blend  provides  an  excellent   sprayable  in ter ior   c o a t i n g  

par t icular ly   suitable  for  beverage  cans.  A  prefer red   composit ion  in  accordance   w i t h  

this  invention  fur ther   contains  a  phosphated  polymer  such  as  an  epoxy  p h o s p h a t e  .  

polymer.  The  inclusion  of  phosphated  polymer  provides  improved  c o a t i n g  

charac te r i s t i c s   such  as  solvent  resistance  and  improved  porosity  proper t ies .   T h e  

react ive  se l f -cur ing   water  dispersed  polymers  are  high  molecular  weight  p o l y m e r s  
. 

and  advantageously  provide  good  film  in tegr i ty   propert ies,   high  solids  content ,   good 

spray  application,  and  minimal  use  of  solvents.  These  and  other  advantages   of  th i s  

invention  will  become  more  apparent  by  referr ing  to  the  detai led  descr ipt ion  of  t h e  

invention  and  the  i l lus t ra t ive  examples .  

SUMMARY  OF  THE  I N V E N T I O N  

Briefly,  the  invention  is  based  on  a  certain  self-curing  water   d i spe r sed  

polymer  produced  by  polymerizing  ethylenic  monomers,   including  f u n c t i o n a l  

carboxyl,  hydroxyl,  amine  or  amide  monomers  in  combinat ion  with  a lkylol  

acrylamide  monomers,  and  t h e r e a f t e r  b l e n d  t h e   water  dispersed  polymer  with  a n  

epoxy-acrylic  copolymer  and  optionally  a  phosphated  polymer.  The  composi t ion  o f  

this  invention  comprises  a  water-dispersed  polymeric  blend  of  (a)  the  r eac t ive   s e l f -  

curing  water  dispersed  polymer,  and  (b)  an  epoxy-acrylic  copolymer.  The  p r e f e r r e d  

composition  further  contains  (c)  a  phosphated  polymer.  An  aminoplast   c ross - l ink ing  

resin  can  be  added  to  the  water-dispersed  polymeric  blend  to  provide  improved  

curing  p r o p e r t i e s .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

In  accordance  with  this  invention,  the  aqueous  composit ion  compr i se s  

certain  react ive  self-curing  water  dispersed  polymers  blended  with  e p o x y - a c r y l i c  

copolymer,  phosphated  polymer,  and  an  aminoplast   cross-linking  resin.  . 



Refe r r i ng   first  to  the  reac t ive   self-curing  wa te r   dispersed  polymer,  t h e  

reac t ive   se l f -cur ing   polymer  is  a  polymer  of  copolymerized  e t h y l e n i c a l l y  

unsa tu ra ted   monomers   comprising  (i)  alkylol  acrylamide  and   preferably  a l k y l a t e d  

alkylol  a c ry l amide   monomers,  (ii)  funct ional   monomers  consisting  of  r e a c t i v e  

eanboxy,  hydroxyl,   amine,  or  amide  monomers,   and  (iii)  other  e t h y l e n i c a l l y  

unsa tu ra t ed   monomers   to  produce  a  s e l f - r eac t i ve   alkylol  acrylamide  water  d i spe r sed  

polymer.   The  se l f -cur ing  water  dispersed  polymer   is  synthesized  by  c o n v e n t i o n a l  

one-step  copo lymer i za t ion   or  by  s tep-wise   polymerizat ion  of  monomers  in  w a t e r  

whereby  the  alkylol  acrylamide  monomers   are  polymerized  in  the  s e c o n d  

po lymer i za t i on   s t e p . - T h e   two  stage  monomers   can  be  proport ioned  on  a  weight  bas is  

from  25/75  to  75/25  first  s tage /second  s tage  monomers .  

The  alkylated  alkylol  acry lamide   monomers  can  be  derivatives  o f  

acry lamide ,   me thac ry lamide ,   methylol  acrylamide,   or  similar  alkyl  modi f i ed  

acry lamide   monomer   as  shown  for  example  in  U.S.  3,991,216;  U.S.  4,097,438;  and  U.S..- 
I 

4,305,859.  The  acrylamide  monomers  preferably   are  alkylated  with  an  alkyl  g r o u p  

such  as  methyl ,   ethyl,  propyl,  n-butyl,  or  iso-butyl,  and  similar  alkylated  alkylol  

acry lamide   monomers ,   wherein  the  buty la ted   monomers  are  preferred.   F u n c t i o n a l  

monomers,   include  carboxyl,  hydroxyl,  amino,  and  amido  functional  group  con ta in ing  

monomers.   Carboxy  containing  monomers   include  acrylic  acid  and  lower  a l k y l  

subs t i tu ted   acryl ic   acids  wherein  the  prefer red   carboxylic  monomers  are  acrylic  a n d  

me thac ry l i c   acids.  Hydroxyl  containing  monomers  are  hydroxy  con ta in ing  

e thylen ica l ly   unsa tura ted   monomers  including  hydroxy  alkyl  acrylates  such  as  2- 

hydroxy  e t h y l   acryla te   and  me thac ry la t e ,   2-hydroxypropyl  acrylate  and 

m e t h a c r y l a t e ,   and  similar  hydroxy  alkyl  acrylates.   Amido  containing  m o n o m e r s  

include  ac ry l amide   and  me thac ry lamide   or  similar  alk-yl  alkylol  a c r y l a m i d e  

monomers.   Other  react ive  monomers   include  N-methylol  acrylamide  or  

m e t h a c r y l a m i d e   monomers.  The  remaining  monomers  that  can  be  copo lymer ized  

with  the  a lky lo l   acrylamide  monomer  and  functional  monomers  to  form  a  r e a c t i v e  

s e l f - cu r ing   polymer  are  ethylenically  unsa tura ted   monomers  such  as  vinyl  monomers ,  

including  for  example,  vinyl  esters  such  as  vinyl  ace ta te ,   vinyl  proprionate,   vinyl 



butyra tes ,   vinyl  benzoate ,   isopropenyl  ace ta te   and  similar  vinyl  esters;   and  vinyl 

halides  such  as  vinyl  chloride.  Other  e thylenical ly  unsa tura ted   monomers  can  

include,  for  example,  those  monomeric  materials   exhibiting  ethylenic  double  bond  

unsa tura t ion   such  as  polymerizable  allylic  acrylic,  fumaric,   maleic,  or  l i ke  

ethylenical ly  unsa tura ted   double  bond  funct ional i ty .   Fur ther   e thy len ica l ly  

unsa tu ra ted   monomers  can  include,  for  example,  s tyrene,   methyl  styrenes  and  

similar   alkyl  s tyrenes,   chlorostyrene,   vinyl  toluene,  vinyl  naphthalene,   divinyl  

benzene,   diallyl  phthala te   and  similar  diallyl  derivatives,   butadiene,   alkyl  esters  o f  

acrylic  and  methacryl ie   acid  and  similar  e thylenical ly  unsa tu ra ted   m o n o m e r s .  

Fur ther   suitable  ethylenical ly  unsaturated  monomers  include  acrylic  u n s a t u r a t e d  

monomers  such  as  lower  alkyl  esters  of  acrylic  or  methacry l ic   acid  having  an  a lkyl  

- e s t e r   portion  containing  between  1  to  12  carbon  a toms   as  well  as  a r o m a t i c  

der ivat ives   of  acrylic  and  methacryl ic   acid.  Useful  acrylic  monomers  include,  fo r  

example,   acrylic  and  methacryl ic   acid,  methyl  ac ry la te   and  methacry la te ,   e t h y l  

a c r y l a t e   and  methacry la te ,   butyl  acrylate  and  me thac ry la t e ,   propyl  acrylate   a n d  

me thac ry la t e ,   2-ethyl  hexyl  acrylate  and  methacry la te ,   cyclohexyl  acrylate   and  

methacry la te ,   decyl  acrylate   and  methacryla te ,   i sodecylacry la te   and  m e t h a c r y l a t e ,  

benzyl  acrylate  and  methacry la te   and  various  react ion  products  such  as  buty l ,  

phenyl,  and  cresyl  glycidyl  ethers  reacted  with  acrylic  a n d  m e t h a e r y l i c   acids ,  

hydroxyl  alkyl  acrylates   and  methacryla tes   such  as  hydroxyethyl   and  hydroxypropyl  

acryla tes   and  methacry la tes ,   as  well  as  amino  acrylates   and  m e t h a c r y l a t e s .  

A  further   improved  self-curing  water -d ispersed  polymer  can  be  p r o d u c e d  

by  polymerizing  the  ethylenic  monomer  mixture  including  react ive   f u n c t i o n a l  

monomer.   and  alkylol  acrylamide  monomer  with  a  hydroxy  alkyl  phosphate  e s t e r  

monomer  containing  at  least  one  unsaturated  double  bond.  The  hydroxy  a lkyl  

phosphate  ester  monomer  can  be  prepared,  for  instance,  by  react ing  an  a c r y l i c  

glycol  with  phosphorus  pentoxide  or  reacting  an  acrylic  monoepoxide  wi th  

superphosphoric  acid  to  produce  a  hydroxy  acrylic  phosphate  ester  monomer.  The  

mixture  of  ethylenic  monomers  described  above  in  accordance  with  this  inven t ion  

can  contain  by  weight  between  196  and  10%  hydroxy  alkyl  phosphate  ester  m o n o m e r  



to  be  copolymerized  and  produce  a  phosphated  self-curing  water  dispersed  p o l y m e r .  

As  a  further  variation,  the  water  dispersed  se l f -cur ing  polymer  can  be  produced  by 

polymerizing  the  ethylenic  monomer  mixture  including  react ive  functional  m o n o m e r  

and  alkylol  acrylamide  monomer  in  the  presence  of  a  high  molecular  weight  epoxy  

phosphate  ester  su r fac tan t   to  provide  a  self-curing  water-dispersed  p o l y m e r  

emulsified  or  otherwise  dispersed  into  water  by  the  epoxy  phosphate  surfac tant .   T h e  

epoxy  phosphate  esters  comprise  epoxy-phosphate   produced  by  reacting  b e t w e e n  

0.05%  and  5%  phosphoric  acid  with  a  relat ively  high  molecular  weight  adducts   o f  

bisphenol  A  reac ted   with  low  molecular   weight  epoxy  resin  such  as  Dow  DER  333.  

During  the  polymer iza t ion   process,  the  epoxy  phosphate  surfactant   acts  as  t h e  

primary  su r fac tan t   and  controls  the  part icle   size  of  the  self-curing  copolymer  and  

fur ther   stabilizes  the  polymer  par t ic les   as  the  par t ic le   size  increases.  The  f o r e g o i n g  

self-cur ing  wa te r  d i spe rsed   polymers  containing  phosphates  provide  improved  s e l f -  

curing  react iv i ty   wherein  the  phosphate  functions  as  a  cross-linking  p r o m o t e r .  

Fur ther   advantages  are  the  phosphate  can  further  par t ic ipate   in  the  c ross - l ink ing  

react ion  and  the  film  propert ies   exhibit  improved  corrosion  r e s i s t ance .  

The  reac t ive   self-curing  alkylol  acrylamide  water  dispersed  p o l y m e r  

preferably  is  a  copolymer  prepared  by  copolymerizing  the  ethylenically  u n s a t u r a t e d  

mbnomers  in  water   by  two  step  polymerizat ion  described  above  through  free  r a d i c a l  

induced  polymer iza t ion   using  peroxy  or  azo  catalysts ,   common  redox  c a t a l y s t s ,  

ul traviolet   radia t ion  or  the  like.  F r e e   -radical  init iators  also  include  va r i ous  

peroxygen  compounds  such  as  persulfates ,   benzoyl  peroxide,  t-butyl  hydrope rox ide ,  

cumene  hydroperoxide,  and  similar  peroxide  catalysts ;   and  azo  compounds  such  as  

azo  bis- isobutyroni t r i le   and  d imethy lazob is - i sobu tyra te .   Init iat ing  systems  f u r t h e r  

include  alkali  metal   persu l fa te   or  ammonium  persu l fa te   with  or  without  a  r e d u c i n g  

substance  adapted  to  ac t iva te   the  persulfate .   The  ini t iators  or  catalysts  o rd ina r i ly  

are  used  at  a  level  of  about  0.1%  to  1%  by  weight  of  monomers.  The  result ing  s e l f -  

curing  water  dispersed  polymer  contains  by  weight  between  1%  and  20%  r e a c t i v e  

carboxyl,  hydroxyl,  amine  or  amide  monomer,  and  the  remaining  being  o t h e r  

ethylenically  unsa tura ted   monomers.   Suitable  water  dispersed  polymers  can  be  



produced  by  various  aqueous  po lymer iza t ion   methods.  These  polymers  can  i n c l u d e  

emulsion  polymers  produced  by  emulsion  polymerizat ion  of  monomers  with  w a t e r  

soluble  initiator  and  in  the  presence  of  emulsif ier;   suspension  polymers  produced  b y  

aqueous  suspension  polymerizat ion  using  a  suspending  agent;  or  m i c r o e m u l s i o n  

polymers  produced  by  aqueous  microemuls ion  polymerization  in  the  m o n o m e r  

droplets  and  stabil ized  by  long  c h a i n  a l i p h a t i c   alcohols;  or  azeotropic   e m u l s i o n  

polymers  produced  in  a  wa te r - so lven t   azeo t rop ic   mixture  using  soap  e m u l s i f i e r s .  

Other   useful  water  dispersed  polymers  can  be  produced  by  copolymer iza t ion   of  t h e  

monomers  in  water  containing  an  ionizing  agent  and  a  minor  amount  of  o r g a n i c  

cosolvent  as  disclosed  in  U.S.  4,218,356. 

Referr ing  next  to  t h e   epoxy-acryl ic   copolymers,  the  c o p o l y m e r  

- -comprises   epoxy  resin  coreac ted   with  monomers  including  acrylic  monomers,   o r  

coreac ted   with  preformed  acrylic  copolymer,  to  produce  an  epoxy-acrylic   c o p o l y m e r  

comprising  coreaeted  epoxy  resin  and  acrylic  polymer.  The  preferred   e p o x y - a c r y l i c  

c o p o l y m e r   comprises  an  epoxy-acryl ic   graft   copolymer  mixture  containing  e p o x y  

resin,  epoxy-acrylic  graft  copolymer,   and  ungraf ted  addition  polymer  produced  b y  

polymerizing  ethylenically  unsa tura ted   monomers  in-situ  with  epoxy  resin  in  t h e  

presence  of  at  least  3%  benzoyl  peroxide  (or  equivalent)  as  more  par t icu lar ly   s e t  

forth  in  U.S.  4,212,781  and  said  patent   is  incorporated  herein  by  reference .   The  i n -  

situ  polymerizat ion  of  monomers  generally  comprises  reacting  the  e t h y l e n i c a l l y  

unsa tura ted   monomers  in  the  presence  of  epoxy  resin  with  at  least  3%  of  b e n z o y l  

peroxide  by  weight  of  the  monomer.  The  ethylenically  unsatura ted   m o n o m e r s  

include  carboxyl  functional  monomers  including  acrylic  acid  monomer  such  a s  

acrylic  acid  and  lower  alkyl  subst i tuted  acrylic  acids  such  as  methacryl ic   acid  t o  

provide  carboxyl  funct ional i ty  means  for  dispersing  the  epoxy-acrylic   c o p o l y m e r  

mixture  into  water.  The  preferred  acrylic  acid  is  methacrylic  acid.  The  balance  o f  

the  monomers  preferably  are  nonreact ive  under  the  contemplated  condit ions  o f  

p o l y m e r i z a t i o n ,   although  small  amounts  of  other  reactive  monomers  may  be  u s e d  

such  as  hydroxy  monomers  i l lustrated  by  2-hydroxy  ethyl  methacry la te ,   a m i d e  

monomers  i l lustrated  by  acrylamide,  or  N-methylol  monomers  i l lustrated  by  N -  



methylol  acrylamide.   The  remaining  monomers  are  nonreactive  m o n o m e r s  

i l lustrated  by  acrylate   and  m e t h a c r y l a t e   esters,  such  as  ethyl  acrylate,  m e t h y l  

methacry la te ,   or  isobutyl  me thac ry l a t e ,   styrene,  or  vinyl  toluene,  vinyl  a c e t a t e ,  

vinyl  chloride,  vinylidene  chloride,  acrylonitri le,   and  generally  alkyl  esters  of  a n  

acrylic  acid,  generally  the  lower  alkyl  esters,  that  is,  those  esters  in  which  t h e  

es ter i fying  group  contains  from  1  to  4  carbon  atoms,  and  par t icular ly   ethyl  a c r y l a t e .  

O t h e r   useful  monomers  in  this  class  include  other  C1-15  alkyl  acrylate  esters  a n d  

me thac ry l a t e   esters  such  as,  for  example,  propyl  acrylate ,   isopropyl  acrylate,   b u t y l  

acrylate ,   isobutyl  acryla te ,   t e r t i a ry   butyl  acrylate,   pentyl  acrylate ,   decyl  a c r y l a t e ,  

lauryl  acrylate ,   i sobo rny l   acryla te ,   methyl  me thacry la te ,   butyl  m e t h a c r y l a t e ,  

isobutyl  me thacry la te ,   hexyl  methacry la te ,   2-ethyl  hexyl  methacryla te ,   o c t y l  

methacry la te ,   and  nonyl  m e t h a c r y l a t e .   Other  u se fu l  monomers   are  those  r e a d i l y  

commercia l ly   available  monomers   having  vinyl  unsatura t ion  and  include  s t y r e n i c  

monomers  such-as  s tyrene,   vinyl  toluene,  divinyl  benzene,  isoprene  and  b u t a d i e n e -  

The  in-situ  formed  ca rboxyl - func t iona l   polymer  can  have  a  molecular  w e i g h t  

between  5,000  and  20,000  and  preferably  between  7,000  and  15,000.  The  c a r b o x y l  

content   (-COOH)  should  comprise  at  least  2%  by  weight  of  the  monomer  mixture  a n d  

preferably  should  be  above  5%.  The  epoxy  resin  portion  of  the  e p o x y - a c r y l i c  

copolymer  can  be  either  a l iphat ic   or  aromatic,   although  the  aromatic   epoxy  r e s i n s  

are  preferred.   The  most  p re fe r r ed   epoxy  resins  are  polygylcidyl  ethers  of  b i s p h e n o l -  

A,  especially  those  having  1,2-epoxy  equivalency  of  from  about  1.3  to  about  2.  T h e  

molecular  weight  should  be  from  about  350  to  about  20,000,  and  preferably,   f o r  

sanitary  coating  composit ions,   from  about  4,000  to  about  10,000.  When  the  i n - s i t u  

polymeric  blend  contains  from  50%  to  90%  by  weight  of  epoxy  resin  based  on  t o t a l  

polymer  solids,  the  epoxy  resin  selected  should  have  a  molecular   weight  in  the  r a n g e  

from  about  4,000  to  about  10,000,  part icular ly  for  the  p repara t ion   of  sanitary  c o a t i n g  

compositions.  Mixtures  of  monoepoxides  and  diepoxides  are  desirable.  A n o t h e r  

procedural   variation  is  the  in t roduct ion  of  the  aromat ic   polyether  which  is  devoid  o f  

oxirane  funct ional i ty  by  r eac t ing   epoxide  groups  with  benzoic  acid,  phenol  or  s i m i l a r  

monoreact ive   epoxide  blocking  agent.  Still  another  variat ion  comprises  providing  a n  

enoxy  Dhosohate  as  the  epoxy  resin  component  of  the  epoxy-aerylic  c o p o l y m e r  



wherein  the  epoxy  phosphate  preferably  contains  up  to  about  5%  by  we igh t  

co reac ted   phosphate.   The  epoxy  phosphate  is  then  coreacted  with  acrylic  m o n o m e r s  

including  carboxyl  monomers  by  in-situ  copolymer iza t ion   induced  by  at  least  3% 

peroxide  catalyst   by  weight  based  on  monomers   to  produce  an  e p o x y - a c r y l i c  

composi t ion  containing  epoxy  phosphate -acry l ic   graft  c o p o l y m e r .  I n   p r e f e r r e d  

prac t ice ,   the  epoxy  resin  is  a  mixture  including  a romat ic   polyether  devoid  of  o x i r a n e  

funct ional i ty ,   aromatic  polyether  having  a  single  oxirane  group,  and  a r o m a t i c  

polyether   having  two  oxirane  groups.  This  mixture  of  epoxy  functionali ty  m a x i m i z e s  

compatabi l i ty ,   although  the  aromatic  polyether   devoid  of  oxirane  func t iona l i ty   c a n  

be  added  later,   and  the  mixture  can  be  heated  and  agi tated  to  enhance  the  i n t i m a c y  

of  the  associat ion  between  the  various  c o m p o n e n t s .  

. The  in-situ  formed  epoxy-acryl ic   copolymer  can  be  prepared  by  in - s i tu  

po lymer iza t ion   of  the  ethylenic  monomer  with  epoxy  resin.  The  epoxy  resin  can  b e  

heated  in  a  reactor   wherein  the  polymerizable   monomer  can  be  added  slowly  over  a  

period  of  at  least  two  or  three  hours  along  with  a  solvent  and  a  free  radical  i n i t i a t o r .  

Although  the  reaction  may  be  conducted  in  the  absence  of  solvent,  a  solvent  s y s t e m  

is  p re fe r red   for  the  in-situ  polymerizat ion  of  monomers  in  the  presence  of  epoxy  

resin.  A  preferred  solvent  system  comprises  two  miscible  solvents,  one  of  which 

dissolves  the  epoxy  resin  and  the  other  of  which  dissolves  the  monomers.  T h e  

par t icu la r   solvents  sat isfactory  for  the  epoxy  resin  are  solvents  such  as  xy lene ,  

benzene,   ethyl  benzene,  toluene,  and  the  alkoxy  alkanols.  For  the  m o n o m e r ;  

alcohols  such  as  methanol,  ethanol,  propanol,  butanol,  and  the like,  are  suitable,  w i th  

b u t a n o l   being  preferred.  Ethylene  glycol  monobutyl  ether,  ethylene  g lycol  

monobutyl  ether  acetate,   and  the  like,  hexane,  mineral  spirits,  and  the  like,  are  a l so  

suitable.   For  subsequent  dispersion  into  water,  then  the  solvents  selected  should  be  

water-soluble   materials,  as  are  acetone,  butanol,  ethanol,  propanol,  ethylene  glycol  

monoethyl  ether,  and  the  like.  Ordinarily  the  amount  of  solvent  may  be  in  the  r a n g e  

f r o m   about  5%  to  30%  by  weight  of  the  sum  of  the  .other  components.  In  p r a c t i c e ,  

the  epoxy  resin  and  the  mixture  of  polymerizable   monomers  are  reacted  together   in 

the  presence  of  a  free  radical  initiator,  preferably  of  the  peroxide  type,  and  benzoyl  

peroxide  is  most  preferred.  Typical  and  useful  free  radical  initiators  include  c u m e n e  



hydroperoxide ,   benzoyl  peroxide,  t-butyl  perbenzoate ,   t-butyl  peroxide,  l au roy l  

peroxide,   methyl  ethyl  ketone  peroxide,  ehlorbenzoyl  peroxide,  and  the  l ike .  

Benzoyl  peroxide  is  preferred  as  the  free  radical  ini t iator   for  use  in  the  practice  o f  

the  present   invention.  The  amount  of  free  radical  ca ta lys t   is  expressed  in  terms  o f  

p e r c e n t a g e   by  weight  of  benzoyl  peroxide  based  on  the  total  weight  o f   t h e  

po lymer i zab le   monomer,  or  eqivalent,   at  the  t e m p e r a t u r e   of  use.  The  amount  o f  

ca ta lys t   should  be  at  least  3%,  and  preferably  more  than  4%  by  weight  of  benzoyl  

peroxide  or  equivalent  based  on  monomer   weight.  The  reaction  t e m p e r a t u r e  

p re fe rab ly   is  maintained  in  the  range  from  about  80°C  to  about  130°C,  although  t h e  

t e m p e r a t u r e   may  be  adjusted  within  a  re lat ively  wide  range  to  accommodate   t h e  

r eac t iv i ty   of  the  mixture.  Thus,  operat ing  t e m p e r a t u r e s   in  the  range  from  a b o u t  

30°C  to  about  200°C  are  feasible,  depending  upon  the  end  results  and  ope ra t i ng  

condit ions  selected.   After  the  monomers  are  added,  the  reaction  mixture  is 

normally  held  for  up  to  three  hours  at  react ion  t e m p e r a t u r e   to  complete  the.  

monomer  conversion.  The  in-situ  polymerizat ion  of  the  monomers  produces  an  i n -  

situ  formed  carboxyl  functional  polymer  containing  at  least  about  20%  o f  

po lymer ized   monoethylenically  unsa tura ted   carboxylic  acid  monomer  based  on  t h e  

total   weight  of  monomers  as  well  as  epoxy-acryl ic   graft   polymer  and  u n g r a f t e d  

epoxy  resin,  as  more  par t icular ly   set  forth  in  U.S.  4,212,781. 

The  epoxy-acrylic   copolymer  also  can  be  an  epoxy-acrylic  e s t e r  

c o p o l y m e r   produced  from  previously  described  epoxy  resin  and  copolymer ized  

monomers   including  carboxyl  monomers  wherein  the  epoxy-acrylic  copolymer  

comprises   acidic  or  carboxylic  copolymer  es ter i f ied  with  epoxy  resin.  The  e p o x y -  

acrylic  es ter   can  be  produced  by  ester ifying  a  solvent-soluble  carboxy  func t iona l  

polymer  with  an  epoxy  resin  wherein  the  e s te r i f i ca t ion   reaction  is  carried  o u t  

preferab ly   in  an  organic  solvent  and  in  the  presence  of  suff iciently  high  amounts  o f  

amine  ca ta lys t   to  produce  a  nongelled  epoxy  e s t e r   copolymer.   The  e s t e r i f i c a t i on  

reac t ion   is  carried  out  in  the  presence  of  amine  catalyst   in  sufficient  a m o u n t s  

grea ter   than  catalyic  amounts  of  0.3%  to  avoid  gellation  and  preferably  in  t h e  

presence  of  greater  than  2%  amine  es te r i f ica t ion   catalyst   based  on  the  weight  of  

r eac t an t s   subject   to  es ter i f icat ion  to  produce  an  epoxy-acrylic  ester.  The  



preformed  acrylic  polymer  preferably  comprises  copolymerized  e thy l en i ca l l y  

unsa tura ted   monomers  including  at  least  about  20%  by  weight  of  c o p o l y m e r i z e d  

monoethylenical ly   unsa tura ted   carboxylic  acid  monomer  based  on  the  total  weight  o f  

copolymer  to  produce  a  carboxyl  functional  prepolymer.   The  epoxy  resin  po r t ion  

comprises  at  least  about  40%  of  the  epoxy-acryl ic   ester  polymer  and  provides  an  

oxirane  funct ional i ty  in  a  s to ichiometr ic   def ic iency  with  respect  to  ca rboxy l  

funct ional i ty   in  the  carboxyl  preformed  polymer  in  a  ratio  of  about  1:2  to  1:20 

whereby  the  excess  carboxyl  functionali ty  in  the  epoxy-acrylic  ester  provides  a  

means  for  dispersing  the  polymer  into  water  by  reac t ing   with  a  base  to  render  t h e  

react ion  product  self-emulsif iable   into  water,  as  further   described  in  detail  in  EPO 

publication  Serial  No.  0  006  334  published  January  9 ,1980 .  

Still  a  further  a l ternat ive  for  producing  the  epoxy-acrylic  c o p o l y m e r  

comprises  react ing  t h e   epoxy  resin  with  a  p re formed  carboxyl  polymer  of  

polymerized  ethylenically  unsaturated  monomers  in  the  presence  of  amine  and 

considerable  amounts  of  water  to produce  a  complex   quaternary  a m m o n i u m - a m i n e '  

salt  linkage  in  the  epoxy-acrylic  copolymer  such  as  disclosed  in  U.S.  4,247,439.  Sti l l  

a  further  variation  of  the  epoxy-acrylic  copolymer  can  comprise  forming  a  

preformed  carboxylic  polymer  of  polymerized  ethylenic  monomers  inc luding 

carboxyl  monomers  in  the  presence  of  melamine  resin  followed  by  react ing  t h e  

preformed  carboxylic  polymer  with  epoxy  resin  in  the  presence  of  high  amounts  o f  -  

amine  as  suggested  in  U.S.  4 , 2 8 9 , 8 1 1  

The  epoxy-acrylic  copolymer  can  fur ther   consist  of  an  epoxy  p h o s p h a t e  

ester  and  an  acrylic  copolymer  to  produce  the  epoxy-acryl ic   portion  of  the  m i x t u r e  

containing  the  self-curing  water-dispersed  polymer.  The  epoxy  phosphate  ester  can  

be  produced  by  reacting  a  high  molecular  weight  epoxy  resin  with  0.05%  to  5% 

phosphoric  acid.  The  acrylic  copolymer  preferably  is  a  resinous  p o l y e l e c t r o l y t e  

polymer  produced  by  polymerizing  ethylenic  monomers  including  acrylic  monomers  

and  ionizable  functional  monomers,  such  as  acrylic  or  methacrylic  acid,  in  w a t e r  

containing  an  ionizing  agent  for  ionizing  the  functional  groups  of  the  f unc t iona l  

monomers .  



Referring  next  to  an  optional  but  a  preferred  inclusion  of  a  p h o s p h a t e d  

polymer  in  the  polymeric  blend  of  this  invention,  the  phosphated  polymer  can  i nc lude  

mono-  and  di-alkyl  esters  of  phosphoric  acid,  phosphated  epoxidized  oil,  p h o s p h a t e d  

epoxidized  polybutadiene  copolymers ,   phosphated  acrylic  copolymers,  p h o s p h a t e d  

polyesters,   phosphated  copolymers   containing  copolymerized  phosphate  m o n o m e r ,  

epoxy  phosphate,  and  phosphated  epoxy-acryl ic   c o p o l y m e r .  

Phosphated  esters  of  alkyl  alcohol  can  comprise  a  mixture  of  mono-  a n d  

di-  alkyl  esters  of  phosphoric  acid  produced  by  reacting  phosphoric  acid  w i t h  

aliphatic  alcohols  containing  be tween  2  and  20  carbon  atoms  and  preferably  b e t w e e n  

4  and  8  carbon  atoms  as  suggested  in  U.S.  2,005,619.  Other  water  d i spe r sed  

phosphated  copolymers  can  be  produced  by  polymerizing  monomers  in  w a t e r  

containing  an  ionizing  agent  and  a  minor  amount  of  organic  cosolvent  such  as  

suggested  in  U.S.  4,218,356  wherein  t he   polymers  are  phosphated.  The  w a t e r  

dispersed  phosphated  copolymers  can  comprise  an  aqueous  dispersion  of  a  r e s inous  
t 

polyelec t ro ly te   formed  by  the  addition  polymerizat ion  in  water  of  e t h y l e n i c a l l y  

unsaturated  monomers,  including  at  least  a  portion  of  the  monomers  hav ing  

functional  groups  ionizable  in  water   such  as  carboxyl  groups,  wherein  the  ' w a t e r  

contains  an  ionizing  agent  for  neutral iz ing  at  least  a  portion  of  the  functional  g roups  

in  the  resulting  copolymer,  as  set  forth  in  U.S.  4,218,356.  The  phosphated  r e s inous  

polyelect rolyte   can  be  produced  by  providing  an  aqueous  medium  containing  a .  

cosolvent,  adding  the  ionizing  agent  in  advance  of  or  concurrently  with  t h e  

monomers,  polymerizing  the  monomers  by  f ree-radical   polymerization  until  t h e  

water-dispersed  resinous  po lye lec t ro ly te   is  formed,  and  then  phosphating  t h e  

remaining  oxirane  groups  to  produce  a  phosphated  water-dispersed  po lymer .  

Phosphated  epoxidized  oil  can  comprise  a  phosphated  ester  of  epox id ized  

oil  or  epoxidized  polybutadiene  copolymer  by  reacting  the  epoxidized  polymer  wi th  

up  to  about  5%  phosphoric  acid.  Phosphated  ac ry l i c   copolymers  can  be  produced  by  

react ing  an  acrylic  copolymer  containing  oxirane  or  hydroxy  funct ional i ty   w i t h  

phosphoric  acid.  The  acrylic  copolymer  can  be  produced  by  reacting  e t h y l e n i c a l l y  

unsaturated  monomers,  par t icu lar ly   including  glycidyl  acrylate  or  me thac ry la t e   o r  



hydroxy  functional  monomers  as  well  as  other  e thylenical ly   unsa tura ted   m o n o m e r s  

such  as  methyl  me thac ry la t e ,   butyl  me thacry la te ,   hexyl  me thac ry la te ,   o c t y l  

methacry la te ,   isodecyl  me thac ry la t e ,   stearyl  me thac ry la t e ,   methyl  acrylate ,   e t h y l  

acrylate,   butyl  acrylate ,   hexyl  acrylate ,   2-ethylhexyl  acrylate ,   octyl  acrylate ,   d e c y l  

acrylate   and  dodecyl  acryla te ,   subs t i tu ted   alkyl  esters,   for  example,  hydroxya lky l  

esters  such  as  hydroxyethyl  and  hydroxypropyl  acryla te   and  me thacry la te ,   s t y r e n e ;  

a lpha-methyl   styrene,  alpha-chloro  s tyrene  and  vinyl  toluene.  Phosphated  a c r y l i c  

copolymers  comprise  phosphoric  acid  reacted  with  acrylic  copolymer  c o n t a i n i n g  

oxirane  or  hydroxy  funct ional i ty   wherein  the  acrylic  copolymer  c o m p r i s e s  

copolymerized  ethylenic  monomers  including  glycidyl  acry la te   or  me thac ry la t e   o r  

hydroxyl  functional  m o n o m e r .  

Phosphated  polyes ters  can   be  hydroxy  t e rmina t ed   polyesters   reacted  w i t h  

phosphoric  acid  wherein  the  polyesters   ordinarily  are  dicarboxylie  sa tu ra ted   o r  

unsatura ted   acid  es ter i f ied  with  simple  glycols.  Glycols  include  ethylene  g l y c o l ,  
t  

p ropylene   glycol,  diethylene  glycol,  dipropylene  glycol,  1,3  or  1,4  bu t aned io l ,  

hexanediols,  as  well  as  minor  amounts  of  polyols  such  as  pen tae ry th r i to l ,   t r i e t h y l e n e  

glycol,  t r imethylol   propane,  or  glycerol.  The  unsa tura ted   dicarboxylic  a c i d  

component  can  be  a lpha-beta   unsatura ted   dicarboxylic  acids  or  anhydrides  such  a s  

maleic,  fumaric,   i taconic  or  the  like.  Saturated  dicarboxylic  acids  or  anhydr ides  

include  phthalic  anhydride  or  acid,  terephthal ic   acid,  isophthalic  acid,  adipic  ac id ,  

s e b a c i e   acid,  succinic  acid  or  similar  sa tura ted   acids  or  anhydrides.  Monocarboxy l i c  

acids  or  fatty  acids  can  be  added  to  a  minor  amount  and  can  include  lower  a lky l  

acids  as  well  as  lauric  acid,  palmitic  acid,  myristic  acid  and  s tear ic   acids.  T h e  

hydroxyl  te rminated   polyester  is  produced  by  react ing  excess  equivalents  of  g lyco l  

and  polyol  with  lesser  equivalents  of  carboxylic  acid  whereupon  the  excess  hydroxyl  

groups  are  phosphated  with  phosphoric  acid.  Similarly,  polyester   containing  t e r m i n a l  

glycidyl  groups  can  be  reacted  with  phosphoric  a c i d  t o   produce  a  p h o s p h a t e d  

po lyes te r .  

Phosphated  copolymers  can  be  produced  by  copolymerizing  e t h y l e n i c  

monomers  with  a  phosphated  hydroxy  ethyl  acryla te   or  similar  p h o s p h a t e d  



monomers.   Phosphated  copolymer  based  on  copolymerizat ion  of  e thy len ica l ly  

unsa tura ted   monomers   in  combination  with  phosphated  ethylenically  u n s a t u r a t e d  

monomer  can  be  produced  by  polymerizing  the  ethylenic  monomers  previously  

described  with  the  phosphate  monomer  in  an  aqueous  polymerizat ion  process  such  as  

emplsion,  suspension,  aqueous  ionic  resinous  polyelectrolyte   dispersion,  

microemuls ion   azeo t rop ic   and  similar  process  previously  described  he re in .  

Phosphated   epoxy-acrylic  copolymers  can  be  produced  by  r e a c t i n g  

ethylenic  monomers   including  ethylenic  carboxyl  monomers  in  the  presence  of  epoxy 

phosphate  resin  by  in-situ  polymerizat ion  to  produce  phosphated  epoxy  g r a f t  

copolymer.   Other  phosphated  epoxy-acrylic  copolymers  can  be  produced  by  r e a c t i n g  

epoxy  resin  with  preformed  acrylic  carboxyl  copolymer  in  the  presence  of  high 

amounts   of  amine  to  produce  an  epoxy-acrylic   ester  copolymer  or  in  the  presence  o f  

amine  and  water   to  produce  an  epoxy-acryl ie   quaternary  ammonium  copo lymer  

wherein  the  phosphoric  acid  is  coreacted  either  before  or  after   the  epoxy  ac ry l i c  

copolymer  fo rmat ion .   Another  phosphated  epoxy  polymer  comprises  an  epoxy 

polymer  c o r e a c t e d   with  phosphoric   acid  to  produce  a  phosphated  epoxy  e s t e r  

polymer.  _The  phosphated  epoxy  polymer  contains  on  an  equivalent  basis  at  l e a s t  

about  0.1  equivalent   of  phosphate  per  equivalent  of  epoxide  and  preferably  about  0.1 

to  1  equivalent   of  phosphate  per  epoxide  equivalent  on  the  epoxy  polymer.  Thus,  a  

mole  of  monoepoxide  polymer  can  contain  up  to  about  1  mole  of  phosphate  whereas  a  

mole  of  a  diepoxide  polymer  can  contain  up  to  2  moles  of  phosphate.   On  a  we igh t  

basis,  the  phosphated  epoxy  polymer  contains  between  about  0.05%  and  5%,  and  

.  preferably  be tween   0.1%  and  3%  coreacted   phosphoric  acid,  although  excess  molar  

amounts  of  phosphate   reac tant   in  any  appreciable  amount  is  undesirable.  The 

phosphated  epoxide  resin  can  be  synthesized  by  heating  a  solution  of  epoxy  po lymer  

dispersed  in  a  suitable  solvent  such  as  methyl  ethyl  ketone  or  2-butoxy  ethanol  and 

then  r eac ted   with  phosphoric  acid  or  p referab ly   polyphosphoric  acid  at  re f lux  

t e m p e r a t u r e s   of  120°C  to  1450C  for  sufficient   time,  typically  2  to  8  hours,  to  

comple te ly   reac t   the  phosphoric  acid  with  available  epoxide  groups.  The  p r e p a r a t i o n  

of  epoxy  phosphate   resins  are  shown  in  U.S.  4,289,812  and  U.S.  4,316,922.  In  a  



u r t h e r   variation  of  this  aspect  of  the  invention,  the  epoxy  phosphate   can  be 

produced  by  reacting  a  non-phosphated  epoxy  resin  with  an  epoxy  resin  c o n t a i n i n g  

ligher  levels  of  phosphate,   provided  that  the  resulting  epoxy  resin  mixture  c o n t a i n s  

between  about  0.05%  and  5%  by  weight  coreacted  phosphoric  acid.  For  instance,   a  

veight  ratio  of  9  parts  non-phosphated  epoxy  mixed  with  1  part  phosphated   ( 1 0 % )  

epoxy  resin  reacted  together   at  t empera tures   about  120°C  for  at  least   2  hours  

provides  an  epoxy  phosphate  containing  1%  coreac ted   phosphoric  acid  in  a c c o r d a n c e  

with  this  invention.  In  pract ice ,   the  non-phosphated  epoxy  resin  is  r e ac t ed   wi th  

phosphated  (10%)  epoxy  resin  at  sufficiently  high  t empera tu re s   for  time  suff ic ient   t o  

convert  the  mixture  to  p redomina te ly  a   monophosphate,   which  can  be  enhanced  by 

the  addition  of  about  2%  water  based  on  solids  to  hydrolyze  the  phosphated  m i x t u r e  

and  preferably  convert  the  mixture  to  a  predominate ly   monophosphated  epoxy  res in .  

The  epoxy  phosphate  containing  between  0.05%  and  5%  coreac ted   phosphoric  acid  in 

accordance  with  this  invention  then  can  be  dispersed  into  an  amine  and  w a t e r  

mixture  be  mechanical   mixing.  The  resulting  aqueous  dispersed  epoxy  phosphate   can  

be  added  to  the  epoxy-acryl ic   copolymer  mixture  and  the  self-curing  water  d i s p e r s e d  

polymer  in  accordance  with  this  invent ion.  

A  highly  desirable  sprayable  coating  composit ion  can  be  produced  based  

on  the  reactive  self-curing  polymer  blended  with  amounts  of  e p o x y - a c r y l i c  

copolymer  and  phosphated   polymer  as  the  matrix  polymer.  Broadly  the  c o m p o s i t i o n  

can  comprise  between  about  5%  and  99%  self-curing  polymer,  1%  and  70%  e p o x y -  

acrylic  copolymer,  and  0%  and  50%  phosphated  polymer.  P re fe r red   c o a t i n g  

compositions  of  this  invention  contain  a  polymer  blend  on  a  weight  basis  c o m p r i s i n g  

between  40%  and  90%  react ive   self-curing  polymer,  between  about  1%  and  30% 

epoxy-acrylic  copolymer,  and  between  0%  and  30%  and  preferably  3%  and  20%  and 

most  preferably  between  3%  and  15%  phosphated  polymer.  The  foregoing  b inder  

matrix  polymer  compositions  are  then  mixed  with  a  wate t -d ispers ib le   c ross - l ink ing  

component  generally  referred  to  as  aminoplast  resins  adapted  to  heat  cure  and 

cross-link  with  the  carboxyl  functionality  of  the  epoxy-aerylie   copolymer  m i x t u r e .  

On  a  polymer  weight  basis,  the  coating  composition  binder  contains  between  0%  and  



15%  but  preferably   between  1%  and  10%  aminoplast   cross-linking  resin  mixed  wi th  

between  85%  and  100%  of the  above  indicated  matrix  polymer  composi t ions .  

Referr ing  next  to  the  aminoplast  cross-linking  resins,  aminoplasts  a r e  

melamine  or  melamine  derivatives  such  as  methylol  melamine  or  similar  a lky la t ed  

melamine  formaldehyde  resins.  Aminoplasts  further   include  benzoguanamine ,  

ace toguanamine ,   as  well  as  ureaformaldehyde.   Commercia l ly   available  aminop las t s  

which  are  water -so luble   or  water-dispersible   for  the  instant  purpose  include  C y m e l  :  

301,  Cymel  303,  Cymel  370,  and  Cymel  373  (all  being  products  of  A m e r i c a n  

Cyanamid,  Stamford,   Conn.,  said  aminoplasts  being  melamine  based,  e .g . ,  

hexamethoxy-me thy l   melamine  for  Cymel  301),  and  Beetle  80  (products  of  A m e r i c a n  

Cyanamid  which  are  methyla ted   or  butylated  ureas).  Other  suitable  aminop las t  

resins  are  of  the  type  produced  by  the  reaction  of  aldehyde  and  formal  guanamine ;  

ammeline;   2-chloro-4 ,6-d iamme-1,3 ,5- t r iaz ine ;   2-phenyl-p-oxy-4 ,6-diamino-1 ,3 ,5-  

tr iazine;  and  2 ,4 ,6 - t r i e thy l - t r i amino- l ,3 ,5 - t r i az ine .   The  mono,  di-,  or  t r i - a r y l  

melamines,  such  as  2 ,4 ,6- t r iphenyl- t r iamino-1 ,3 ,5- t r iaz ine ,   are  p r e f e r r e d .  

The  wate r -d i spersed   coating  compositions  can  be  produced  by  mixing  

together   the  various  water-dispersed  polymers.  The  self-curing  polymer  is  p r e p a r e d  

in  aqueous   medium.  The  aminoplast   polymer  can  be  dispersed  into  water  by 

mechanical  mixing.  The  epoxy-acrylic   copolymer  and  phosphated  polymer  can   be  

prepared  in  solvent  and  then  subsequently  dispersed  into  water  using  a  fugitive  b a s e  

such  as  primary,  secondary,  and  ter t iary   alkyl,  alkanol,.  aromatic   amines,  or  

alkanolalkyl  mixed  amines  such  as  mono-ethanol   amine,  dimethyl  ethanol  amine ,  

diethanol  amine,  t r ie thyl   amine,  dimethyl  aniline,  ammonium  hydroxide,  and  t h e  

like,  as  more  par t icu lar ly   described  in  U.S.  4,212,781.  Alternat ively,   one  of  t h e  

polymers  of  the  blend  can  be  produced  in  the  presence  of  one  of the  other  po lymer s  

in  the  polymeric  blend  of  this  invention.   For  instance,  the  water  dispersed  s e l f -  

curing  polymer  comprising  polymerized  monomers  including  alkyl  alkylol  a c r y l a m i d e  

monomer  can  be  polymerized  in  the  presence  of  e i t he r   the  epoxy-acrylic  copo lymer  

or  the  phosphated  polymer  or  in  a  mixture  thereof.   Similarly,  the  epoxy-ac ry l i c  

copolymer  or  the  phosphated  polymer  can  be  prepared  by  in-situ  p o l y m e r i z a t i o n  o f  



the  monomers  in  the  presence  of  the  other  preformed  polymer  or  by  in - s i tu  

po lymer iza t ion   in  the  presence  of  the  self-curing  polymer.  The  amount  of  w a t e r  

contained  in  the  coating  composition  containing  the  epoxy-acryl ic   copolymer,  t h e  -  

reac t ive   se l f -cur ing  polymer,  the  phosphated  polymer,  and  the  aminoplast   res in  

depends  on  the  viscosity  desired,  which  in  turn,  relates  to  the  method  of  app l i ca t ion .  
. 

For  spraying,  preferably  the  coating  composit ion  contains  between  about  10%  .and 

30%  by  weight  polymeric  solids  relat ive  to  70%.  to  90%  water  including  o t h e r  

volati les  such  as  minor  amounts  of  solvent.  For  applications  other  than  spraying,  t h e  

aqueous  polymeric  dispersions  can  contain  between  about  10%  and  40%  by  weight  

water.   Organic  solvents  can  be  u t i l i zed  to   fac i l i ta te   spray  or  other  app l i ca t ions  

methods  and  such  solvents  include  n-butanol,  2-butoxy-ethanol- l ,   xylene,  t o luene ,  

and  preferably   n-butanol  is  used  in  combination  with  2-butoxy-ethanol- l .   The 

coating  composit ion  of  the  present  invention  can  be  pigmented  and/or  opacified  wi th  

known  pigments   and  opacifiers.  For  many  uses,  including  food  uses,  the  p r e f e r r e d .  

p igment   is  t i tanium  dioxide.  The  resulting  aqueous  coating  composition  can  b e  

applied  sa t i s fac tor i ly   by  conventional  methods  known  in  the  coating  industry.  Thus, 

spraying,  rolling,  dipping,  and  flow  coating  application  methods  can  be  used  for  bo th  

clear  and  p igmented   films,  although  spraying  is  preferred.   A f t e r   application  on to  

the  metal  subst ra te ,   the  coating  is  cured  thermally  at  t empera tu re s   in  the  r ange  

from  about  95°C  to  about  235°C  or  higher  for  time  sufficient  to  effect   c o m p l e t e -  

curing  as  well  as  volatilizing  of  any  fugitive  component  therein.  Upon  heat  curing,  

the  react ive   self-curing  polymer  is  believed  to  become  react ive   and  s e l f - c u r i n g  

wherein  the  alkyl  chain  of  the  alkoxy  acrylamide  splits  from  the.  alkylol  a c r y l a m i d e  

chain  whereby  the  acrylamide  chain  of  the  polymer  reacts  with  the  func t iona l  

monomer  groups  of  carboxyl,  hydroxyl,  or  amido  groups,  or  can  react  with  the  

carboxyl  or  hydroxyl  functionality  in  the  epoxy-acrylic  copolymer  mixture  as  well  as 

the  epoxy  phosphate  and  the  aminoplast  res in .  

For  metal  sheet  substrates   intended  as  beverage  containers  and 

part icular ly  for  carbonated  beverages  such  as  beer,  the  coating  should  be  applied  a t  

a  rate  in  the  range  from  0.5  to  15  mil l igrams  of  polymer  coating  per  square  inch  of  



exposed  metal  surface.  To  at tain  the  foregoing,  the  water-dispersible   coating  as  

applied  can  be  as  thick  as  0.1  to  1  mi l .  

For  a  bet ter   unders tanding  of  the  present  invention,  the  following 

examples   are  provided.  In  this  application,  all  parts  are  parts  by  weight,  a l l  

pe r cen t ages   are  weight  p e r c e n t a g e s ,   and  t empera tu res   are  degrees  Cen t ig r ade  

unless  otherwise  expressly  n o t e d .  



EXAMPLE  1 

Prepara t ion  of  Self-Curing  C o p o l y m e r  

'A  two  stage  t he rmose t t i ng   acrylic  emulsion  copolymer  con t a in ing  

s ty rene /e thy l   a c r y l a t e / m e t h a c r y l i c   ac id/N-isobutoxy  methylol  acrylamide  was  

prepared  by  loading  100  parts  of  deionized  water  and  0.80  parts  sodium  d ihexyl  

su l fosuccinate   into  the  reactor   and  heating  under  nitrogen  sparge  with  agi tat ion  t o  

76-77°C.  At  equilibriated  react ion  t e m p e r a t u r e   the  nitrogen  sparge  was  removed  and 

0.10  parts  ammonium  bicarbonate   added.  A  mixture  of  3.0  parts  s tyrene  and  2.0  p a r t s  

ethyl  acry la te   was  then  added  to  the  reac tor   and  emulsified  10  minutes,  whe reupon  

0.25  parts  ammonium  persulfa te   were  added  and  allowed  to  react   20  minutes  b e f o r e  

start ing  monomer  stage  number  one .  

Monomer  stage  number  one  contained  33.0  parts  styrene,   26.5  parts  e t hy l  

acrylate   and  3.50  parts  methacry l ic   a c i d .   This  m o n o m e r   stage  was  added  at  a  

constant  rate  to  the  reactor  so  that  addition  was  complete  after   3.0  hours.  Monomer  

.stage  number  two  consisted  of  14.0  parts  styrene,  ll.5  parts  ethyl  acrylate ,   1.5  p a r t s  

methacryl ic   acid  and  5.0  parts  N-isobutoxy  methylol  acrylamide,   and  was  added  

continuously  to  the  reactor  during  1.25  hours.  After  monomer  mix  number  two  was 

completed,  the  batch  was  held  for  2  hours  at  the  reaction  t empera tu re   before  cool ing  

and  f i l t r a t i o n .  

Monomer  stage  sizes  are  not  necessarily  confined  to  those  described  in 

this  example.  Sat isfactory  spray  charac ter i s t ics   were  obtained  when  the  f i r s t  

s tage/second  stage  ratio  was  maintained  at  a  weight  ratio  of  between  25/75  and 

7 5 / 2 5 .  

EXAMPLES  2-10 

In  a  manner  similar  to  Example  1,  additional  self-curing  copolymers  w e r e  

prepared  with  the  alkylol  acrylamide  in  the  second  monomer  s t a g e .  





EXAMPLES  1 1 - 1 3  

In  contrast   to  Examples  1-10,  emulsion  polymers  were  prepared  con t a in ing  

.n  equal  quantity  of  alkylol  acrylamide  in  both  monomer  s t a g e s .  

E X A M P L E   14 

A)  Preparat ion  of  Epoxy-Acrylic  Copo lymer  

An  epoxy-acrylic  graft  copolymer  was  prepared  according  t o   the  fo l lowing  

rocedure :   2.31  pounds  of  epoxy  resin  (DER-333)  were  heated  in  an  agitated  r e a c t o r  

o  about  82°;  1.17  pounds  of  bisphenol-A  were  added  with  agi tat ion.   The  reactor   t h e n  

vas  heated  to  about  191°  over  a  period  of  about  2  hours  and  held  there  for  an  

ddit ional   2  hours.  Periodic  testing  for  viscosity  and  percent   oxirane  was  made .  

a r g e t   oxirane  value  was  about  0.6%  and  viscosity  at  25°C  between  Z  and  Z1 

Gardner-Holt) .   When  these  values  were  obtained,  1.35  pounds  of  2-butoxy-e thanol-1  

vere.  added,  followed  by  2.03  pounds  of  N-butanol.  The  molecular   weight  of  t h e  

poxy  resin  at  this  point  was  about  5,500  based  on  oxirane  content .   In  a  s e p a r a t e  

essel,  there  was  loaded  and  mixed  the  following:  0.64  pounds  o f  me thacry l i c   ac id ,  

1.4  pounds  of  styrene,  0.44  pounds  of  ethyl  acrylate,   and  0.1  pounds  of  benzoyl  

eroxide.  This  monomer  mixture  was  added  gradually  to  the  reac tor   containing  t h e  

poxy  resin  over  a  period  of  2  hours  at  uniform  rate.  The  react ion  t empera ture   was  

naintained  at  118°.  Viscosity  was  checked  periodically  on  samples.  The  batch  was 

:ooled  to  85°;  its  Acid  Number  on  solids  was  85. 

.  The  resin  batch  then  was  fed  into  an  agitated  reducing  vessel  containing  a  

mixture  of  10.95  pounds  of  deionized  water  (resistivity  at  least  50,000  ohm-cm)  and  



0.57  pounds  of  d imethyle thanolamine .   The  t e m p e r a t u r e   of  the  resulting  blend  was 

50°.  It  was  held  there  for  about  an  hour,  then  the  blend  was  cooled  to  below  3 2   by 

adding  5  pounds  of  the  cool  deionized  w a t e r .  

B)  The  Ef fec t   of  Variation  in  Compos i t ion  

In  the  above  example,  the  amount  of  benzoyl  peroxide  employed  dur ing 

the  r eac t ion   was  about  6.8%  by  weight  based  upon  the  monomer  mixture.  To 

d e m o n s t r a t e   the  effect   of  changes  in  composition  with  respect   to  proportions  of  t h e  

epoxy  resin  and  the  several  monomers  in  the  monomer  mixture,  several  va r i a t ions  

were  made  in  Table  3  b e l o w .  



EXAMPLE  15 

Epoxy  Phosphate   Synthesis  

Procedure  A 

The  epoxy  phosphate  was  prepared  according  to  the  following  p r o c e d u r e :  

1005  gms.  of  epoxy  resin  (DER-333)  and  340.5  gms.  of  bisphenol-A  and  178  gms.  o f  

butyl  cellosolve  were  heated  to  140°C  in  a  5L  round  bottom  flask  equipped  w i t h  

stirrer,   condenser  and  t he rmomete r .   When  the  t empera ture   was  at  140°C,  the  h e a t  

was  turned  off  and  the  exotherm  raised  the  t empera ture   to  188 C.  After  t h e  

exotherm  was  peak,  the  batch  was  kept  at  175°C  for  an  additional  5  hours.  P e r i o d i c  

testing  for  viscosity  and  percent   oxirane  was  made.  Target  oxirane  value  was  a b o u t  

2.28%  and  viscosity  at  40%  non-volat i le   between  I-J.  When  these  values  w e r e  

obtained,  227  gms.  of  butyl  cellosolve  were  added,  and  the  batch  was  cooled  to  120°C.  

When  the  batch  t empera ture   was  at  120°C,  a  mixture  of  63.64  gms.  of  85%  phospho r i c  

acid  and  20  gms..  of  butyl  cellosolve  was  added  dropwise.  The  exotherm  raised  t h e  

batch  t empera tu re   to  145°C.  The  batch  was  cooled  to  120°C  and  held  for  a  half  hour :  

Twenty-seven  gms.  of  water  were  added  to  the  reaction  mixture  and  the  batch  was  

held  at  120°C  for  an  additional  4  hours.  After  the  hold,  241  gms.  of  butanol,  78  g m s .  

of  butyl  cellosolve,  122.5  gms.  of  d imethy le thanolamine   and  2,500  gms.  of  d e i o n i z e d  

water  were  added  respectively.   The  final  mixture  was  agitated  for  2  hours  to  o b t a i n  

a  stable  e m u l s i o n .  

Procedure  B 

Epoxy  phosphate  was  produced  by  adding  816  gms.  of  epoxy  resin  ( D E R -  

333),  384  gms.  of  bisphenol-A,  and  163  gms.  of  butyl  cellosolve  in  a  5L  round  b o t t o m  

flask  equipped  with  a  stirrer,  condenser,   and  the rmometer   and  heated  to  140°C.  When 

the  t empera ture   was  at  140°C,  the  heat  was  turned  off  and  the  exotherm  raised  t h e  

tempera ture   to  155°C.  After  the  exotherm  was  peak,  the  heat  was  turned  back  on  t o  

keep  the  tempera ture   at  175°C  for  an  additional  2  hours.  Periodic  testing  f o r  

viscosity  and  percent  oxirane  were  made.  Oxirane  value  was  about  0 .87%  and  t h e  

viscosity  was  X-Y  at  40%  NV  in  butyl  cellosolve.  When  these  values  were  ob t a ined ,  

163  grams  of  butyl  cellosolve  were  added,  and  the  batch  was  cooled  to  125 C.  Mix tu re  



f  14.2  gms.  of  polyphosphoric  acid  (FMC)  and  50  gms.  of  butyl  cellosolve  was  a d d e d  

ver  45  minutes,  30  gms.  of  extra  butyl  cellosolve  was  added  as  line  rinse.  The  b a t c h  

das  held  at  120°C  for  1  hour.  Then  23  gms.  of  DI  water  were  added  to  the  r e a c t i o n  

nixture  and  the  held  batch  was  at  120°C  for  an  additional  2  hours.  After  the  ho ld  

ime,  the  heat  was  turned  off  and  203  gms.  of  butanol  were  added  over  8  m inu t e s .  

550  gms.  of  DI  wa te r   and  17.4 gms.   of  dimethyl  e thanolamine  were  heated  in  a  

etdown  container  to  60°C.  The  above  resin  was  dropped  slowly  into  water  a m i n e  

nixture  to  form  a  stable  emulsion.  The  resulting  emulsion  was  adjusted  to  25% NV  b y  

adding  1000  grams  of  DI  water   and  stirring  continued  for  2  hours  to  insure  a n  

a m o g e n e o u s   mix tu re .  

In  accordance  with  the  Procedure  A  or  B,  various  epoxy  phosphates  w e r e  

produced  with  the  following  molecular   weight  va r i a t ion .  



EXAMPLE  16 

Polymeric  Blend 

A b o u t   860  gms.  of  emulsion  copolymer  from  Example  1  were  added  to  a  5L 

reaction  flask  along  with  additional  deionized  water  to  provide  a  NVM  of  about  23%. 

This  mixture  was  ag i ta ted   slowly  to  avoid  foaming  for  about  15  minutes.  T h e r e a f t e r ,  

a  premix  of  15.5  grams  of  DMEA  and  82.8  gms.  of  water  were  added  with  con t inued  

agitation  for  about  30  minutes.  About  72.8  grams  of  butoxy  ethanol  were  added  and  

agi tated  for  30  minutes.   Thereafter ,   about  220.8  grams  of  epoxy  phosphate  f r o m  

Example  15  and  815  grams  of  epoxy  acrylic  copolymers  from  Example  14  were  a d d e d  

slowly  over  a  time  period  of  about  1  hour.  The  259.3  grams  of  n-butanol  were  added  

and  blended  with  increased  agitation  for  about  15  minutes.  Then  about  31.3  grams  o f  

aminoplast  resin  Cymel  303  were  added  and  mixed  in  for  about  15  minutes.  About  68.1 

grams  of  deionized  water  were  added  followed  by  addit ional   mixing  of  about  1  hour  

and  then  f i l t e r e d .  

The  result ing  polymeric  mixture  provided  an  excel lent   spray  app l i ed  

coating  on  the  interior   of  cans.  



To  demonst ra te   the  effect   o f   changing  the  compositions  of  epoxy 

phosphate ,   water  dispersed  copolymer,  and  epoxy  acrylic  copolymers,  several  b lend 

composi t ions   are  shown  in  Table  5.  The  epoxy  phosphate  was  Example  15,  the  epoxy 

acryl ic   was  Example  14(a),  and  the  water  dispersed  copolymers  were  from  Examples  1- 

10. 



EXAMPLE  17 

polymeric  Blend  for  C o a t i n g  

In  a  manner  similar  to  Example  16,  a  coating  composit ion  was  prepared  as  

follows.  About  1031  gms.  of  emulsion  from  Example  13  were  added  to  a  5L  r e a c t i o n  

flask  along  with  922  gms.  of  deionized  water.  This  mixture  was  ag i ta ted   slowly  t o  

avoid  f o a m i n g . . A   premix  of  18.7  gms.  of  DMEA  and  40.0  gms.  of  water   were  added  

with  cont inued  agitat ion  for  about  30  minutes.  Then  73.6  gms.  of  butoxy  e thano l  

were  added  and  agi ta ted  for  30  minutes.  Thereaf te r ,   263.7  gms.  of  n-Butanol  were  

added  and  blended  with  increased  agitation  for  about  15  minutes.  Then  354.0  gms.  o f  

epoxy  acrylic  copolymers  from  Example  14  and  183.0  gms.  of  epoxy  phosphate  f rom 

Example  15  were  added  slowly  over  a  time  period  of  about  1  hour.  To  the  r e su l t ing  

polymeric  m ix tu r e ,   31.3  gms.  of  amino-plast  resin  Cymel  303  was  then  added  t o  

provide  an  excel lent   sprayable  can  coating  composition  par t icular ly   useful  for  spray  

application  to  interiors  of  beverage  cans.  Coating  spray  applied  to  cans  were  h e a t  

cured  and  provided  excellent   cured  interior  can  coa t ings .  

.  EXAMPLE  18 

Polymeric  Blend  for  C o a t i n g  

In  a  manner  similar  to  Example  16  a  coating  composit ion  was  prepared  as 

follows.  About  1000  gms  of  emulsion  copolymer  from  Example  1  were  added  into  a  5L 

reaction  flask  with  slight  agitation.   A  premix  of  18.1  gms.  of  DMEA  and  37  gms.  o f  

water  were  added  slowly  to  the  latex  with  continued  agi tat ion.   About  226  gms.  o f  

BuOH  were  added  over  a  period  of  1  hour.  Thereaf ter ,   about  711  gms.  of  epoxy  ac ry l ic  

copolymers  from  Example  14  were  added  over  15  minutes.  Then  about  72.5  gms.  o f  

butoxy  ethanol  were  added  and  followed  by  900  gms.  of  deionized  water.   The  mix tu re  

was  agitated  continuously  for  an  additional  1  hour.  The  result ing  polymeric  mix tu re  

was  mixed  with  an  aminoplast  crosslinking  agent  to  obtain  an  excel lent   spray  applied 

coating  for  the  interior  of  cans.  Spray  applied  coatings  to  cans  were  cured  and 

p rov ided   excellent   interior  can  c o a t i n g s .  



EXAMPLE  19 

Polymeric  Blend  for  Coa t ing  

In  a  manner  similar  to  Example  16,  a  coating  composition  was  prepared  as  

follows.  About  1000  gms.  of  water  dispersed  copolymer  from  Example  13  were  a d d e d  

to  770  gms.  of  deionized  water  in  a  5L  reaction  flask  with  slow  agi tat ion.   A  p r e m i x  

of  18.4  gms.  o f   DMEA  and  100  gms.  of  water  were  added  with  con t inued  ag i ta t ion   f o r  

about  30  minutes.  Then  a  premix  of  72  gms.  of  butoxy  ethanol,  226  gms.  of  n -bu tano l ,  

and  130  gms.  of  water  were  added  and  blended  for  30  minutes.  About  716.8  gms.  o f  

epoxy  acrylic  copolymers  from  Example  15  were  added  over  30  minutes  and  fo l lowed  

by  32.8  gms.  of  aminoplast   resin  Cymel  303  and  80  gms.  of  water.  The  r e s u l t i n g  

polymeric  mixture  was  agi tated  for  another   2  hrs.  for  complete  mixing.  The  r e s u l t i n g  

coating  was  spray  applied  to  inter iors   of  cans  and  heat  cured  to  produce  an  e x c e l l e n t  

interior  can  coa t ing .  

EXAMPLE  20 

Polymeric  Blend  for  Coating  t 

In  a  manner  similar  to  Example  16.  a  coating  composition  was  prepared  a s  

follows.  A  mixture  of  500  gms.  of  emulsion  copolymer  from  Example  1  and  500  gms .  

of  deionized  water  were  loaded  into  a  5L  reaction  flask.  A  premix  solution  of  10  gms .  

DMEA  and  100  gms.  of  deionized  water   were  added  to  emulsion  over  30  m inu t e s .  

Then  243.0  gms:  of  epoxy  phosphate   from  Example  15  and  13 26.1  gms.  of  epoxy  a c r y l i c  

copolymers  from  Example  14  were  added  with  increased  agitation  over  1  hour.  A b o u t  

87  gms.  of  n-butanol  and  30.5  gms.  of  Cymel  303  were  added  and  followed  by  340 

gms.  of  deionized  water.  The  final  polymeric  mixture  was  agitated  for  another  hour.  

The  coatings  from  this  process  provided  excellent  spray  applied  coatings.  The  c u r e d  

films  exhibited  excellent   film  in tegr i ty   p rope r t i e s .  



EXAMPLE  21 

Preparat ion  of  epoxy-acrylic   ester  copo lymer  

(a)  Epoxy  resin.  To  a  12-liter  round-bot tomed,   4-necked  flask  was 

charged  4144  g.  of  a  liquid  spray  res in ,   DER  333  (from  Dow  Chemical  Company ,  

Midland,  Michigan),  2135  g.  of  bisphenol  A,  and  409  g.  of  2-butoxy-ethanol-1.   A 

water-cooled  condenser  was  p l aced  on   one  neck  of  the  flask,  an  air  d r iven  

mechanical  s t i rrer   was  placed  through  the  second  neck,  and  a  nitrogen  feed  was  

placed  through  the  third,  and  a  t h e r m o m e t e r   was  placed  through  the  fourth  neck  o f  

the  flask.  Heating  was  s ta r ted   and  the  mixture  in  the  flask  was  st irred  under  a  

vacuum  of  15  inches.  The  t empera tu re   was  raised  to  140°C  whereupon  the  h e a t i n g  

and vacuum  were  discontinued.  About  40  g .  o f   a  volatile  was  collected  compr i s ing  

water,  xylene,  (from  DER  333)  and  2-butoxy-ethanol-1.   The  exotherm  carried  t h e  

reaction  t empera tu re   to  about  175°C,  where  it  was  held  for  5  hours.  The  viscosity  o f  

the  epoxy   resin  after  one  hour  was  Y  Gardner-Holt   (40%  solution  in  2 -bu toxy-  

ethanol-1),  Y+  after  3  hours,  and  Z  after  5  hours.  At  the  end  of  the  5-hour  hold,  1 0 1 2  

g.  of  2-butoxy-ethanol-1  was  added,  and  the  epoxy  solution  was  let  to  cool  to  room 

t e m p e r a t u r e .  

(b)  Acrylic  terpolymer.   To  a  12  liter  4-necked  round-bot tomed  flask  was 

charged  5503  g.  of  n-butanol.  Through  the  4  necks  were  placed  a  water  coo led  

c o n d e n s e r ,   an  air-driven  mechanical   stirrer,   a  t he rmomete r -n i t rogen   inlet  line  and 

monomer  addition  funnel.  The  solvent  was  heated  to  113°C. A  monomer  mixture  o f  

1764  g.  of  methacryl ic   acid,  924  g.  of  styrene,  26  g.  of  ethyl  acrylate,   182  g.  o f  

benzoyl  peroxide   was  slowly  added  to  the  refluxing  solvent.  The  addition  took  2 

hours,  and  the  reaction  mixture  was  held  at  1140C  for  another  hour  before  cooling  t o  

room  tempera ture .   The  non-volati le  of  the  reaction  mixture  was  347. 

Epoxy-Acrylic  Ester  Copo lymer  

Into  a  5-liter  round-bot tomed,   4-neeked  flask  was  charged  1306  g.  o f  

epoxy  resin  (a),  and  694  g.  of  the  acrylic  resin  (b).  The  reaction  mixture  was  s t i r r e d  

under  nitrogen  sparge  and  heated  to  105°C  and  held  at  that  t empera ture   for  4  hours.  

At  the  end  of  the  hold,  23.6  g.  of  d imethylethanol   amine  and  144  g.  of  2 -bu toxy-  



thanol-I   were  added  in  4  minutes,  and  the  reac t ion   mixture  was  held  at  102-105°C 

or  1/2  hour.  The  viscosity  of  the  resin  is  U  1/4,  (from  1  part  resin,  1  part  pyrol).  In to  

. 2  gallon  stainless  steel  container   was  charged  2043  g.  of  deionized  water  and  86.1 

o f   d imethyle thanol   amine.  The  container   was  placed  on  a  hot  plate  so  that  t h e  

: empera tu re   of  the  water  was  50°C  before  1500  g.  of  the  resin  from  the  5-liter  f l a sk  

was  dropped  into  the  agi ta ted   water.   An  emulsion  formed  easily  and  the  n o n -  

volatile  of  the  emulsion  was  23.5%  viscosity  Ford  #4  cup,  38  seconds,  acid  n u m b e r  

34.1  and  base  number  76.4.  

Binder  C o m p o s i t i o n  

A  binder  composit ion  was  produced  by  mixing  the  following: 

1200  grams  of  emulsion  copolymer  of  Example  I 

893  grams  of  deionized  w a t e r  

21.7  grams  dimethyl   e t h a n o l a m i n e  

86.8  grams  of  deionized  w a t e r  

106.7  grams  of  2 -bu toxy -e thano l - l  

225.5  grams  of  epoxy  p h o s p h a t e  

284.3  grams  Epoxy-acryl ic   Ester  from  above  

363.6  grams  of  n - b u t a n o l  

.  32.7  grams  of  Cyme l  303  

400.5  grams  of  deionized  wate r .  

The  foregoing  blend  was  evaluated   as  an  interior   can  coating.  NVM  was  1 8 . 8 % ;  

viscosity  was  15  seconds  #4  Ford  cup;  Acid  No.  =  35.5;  base  No.  =  29;  p e r c e n t  

neu t ra l i za t ion   was  81.7%;  organic  solvent /sol ids   ration  was  0.9;  2 - b u t c x y - e t h a n o l -  

l /n -butanol   ratio  was  30/70;  and  Cymel  was  5%  based  on  solids. 

The  coating  formed  a  clear  continuous  coating  upon  air  drying  as  well  a s  

upon  baking.  The  coating  had  a  wedge  bend  failure  of  24%;  pasturization  at  170°F 

for  10  minutes  produced  a  slight  blush;  blush  adhesion  was  excellent;  porosity  r a t i o  

l e s s   than  I;  MEK  rubs  of  24  overall;  and  general   film  properties  were  exce l l en t .  



EXAMPLE  22 

Prepara t ion   of  Epoxy-Acrylic  Gra f t   Quaternary  Ammonium  Copolymer .  

H igh   molecular  weight  epoxy  resin  was  prepared  by  reac t ing   438  g.  o f  

Epon  828  (liquid  epoxy  resin,  Bisphenol  type  from  Shell  Chemical   Co.,  Houston,  

Texas),  248  grams  (g.)  of  Bisphenol  A  in  125  g.  of  2-butoxy-ethanol-1  and  23  g.  o f  

xylene.  0.32  g.  of  sodium  aceta te   t r ihydra te   in  3.6  g.  of  water  was  now  added.  T h e  

reaction  mixture  was  charged  into  a  12-liter  4  necked  round  bottom  flask.  Through 

one  neck  was  placed  an  air  driven  mechanica l   stirrer,   through  another   neck  a  w a t e r  

cooled  condenser,  through  the  third  neck  a  t he rmomete r   and  a  ni trogen  inlet,  and  

the  fourth  neck  an  addition  funnel,  heating  was  provided  by  a  heat ing  mantle.  When 

the  t empera tu re   reached  140°C,  heating  was  stopped  and  the  exotherm  carried  t h e  

t empera ture   of  the  reaction  mixture  to  175 C.  The  temperature .   was  held  at  175  C  

for  five  hours.  At  the  end  of  the  hold,  the  viscosity  of4he  epoxy  resin  (40%  so lu t ion  

in  2-butoxy-ethanol-1)  was  A1-Z2  (Gardner  Holt  viscosity).  Heat ing  was  stopped  and 

484  g.  of  n-butanol  was  carefully  added.  The  t empera ture   at  the  end  of  the  bu tano l  

addition  was  about  115°C.  A  monomer  mixture   consisting  of  me thacry l i c   acid  114  g. ,  

styrene  60  g.,  ethyl  acrylate  1.6  g.,  benzoyl  peroxide  (78%  active  in  water)  and  45  g.  

of  2-butoxy-ethanol-1  was  added  to  the  epoxy  resin  in  two  hours,  the  t e m p e r a t u r e  

was  held  at  115°C.  After  the  monomer  mixture  was  added,  25  g.  of  n-butanol  was  

used  to  rinse  the  addition  funnel  and  then  added  to  the  reaction  mixture  which  was  

held  at  1150C  for  another  hour.  A  second  monomer  mixture  c o n s i s t i n g  o f  8 8 8  g .  o f  

styrene,  350  g.  of  ethyl  acrylate,  186  g.  of  methacrylic  acid,  36.4  g.  of  benzoyl  

peroxide  (78%  active  in  water),  289  g.  of  2-butoxy-ethanol- l   and  148  g.  of  n -bu t ano l  

was  slowly  added  to  the  epoxy-acrylic  graft   copolymer  at  115°C.  The  addition  took  3 

hours,  and  the  reaction  mixture  was  held  at  115°C  for  another  half  hour  before  719  g. 

of  n-butanol  was  added.  Mixture  was  cooled  from  115°C  to  85°C  whereupon  450  g.  o f  

epoxy  resin  Epon  828  was  slowly added  to  the  reaction  mixture  and  then  held  for  1/2 

hour at  90°C.  Then 80  g.  of  d imethyle thanol   amine and  50  g.  of  water  were  added 

and  the  reaction  mixture  was  held  at  80°C  for  1  hour.  Then  29  g.  of  d i m e t h y l e t h a n o l  

was  added  to  obtain  a  dispersion  of  20%  NVM.  The  resultant  copolymer  was  be l i eved  

to  be  an  epoxy-acrylic  graft  containing  qua ternary   ammonium  funct ional i t ies .   The  

boiling  Joy  and  porisity  of  the  film  was  drast ical ly   i m p r o v e d .  



E X A M P L E   23 

N-isobutoxy  methyl  acrylamide  (NiBMA)  self-curing  copolymer  by  suspension 

p o l y m e r i z a t i o n .  

(a)  To  a  5  liter  round-bot tom  4-necked  flask  was  charged  2211  g.  o f  

deionized  water .   The  flask  was  f i t ted  with  nitrogen  inlet,  thermometer ,   w a t e r  

cooled  condenser   and  air  driven  mechanical   s t irrer .   The  water  was  heated  to  6 0 ° C  

before  110  g.  of  Vinol  523  (polyvinyl  alcohol  from  Air  Products  and  Chemica l ,  

Wayne,  Pa.)  was  added  and  let  dissolved  for  about  20  minutes.  A  monomer  m i x t u r e  

consisted  of  544  g..  of  styrene,   435  g.  of  ethyl  acryla te ,   54.5  g.  of  methacryl ic   ac id  

and  64  g.  of  NiBMA  monomer  (85%  in  isobutanol)  and  13  g.  of  lauroyl  peroxide  was 

batch  added  to  the  aqueous  solution  at  about  700C  and  the  polymerizat ion  was 

carried  out  at  70°C  for  about  5  hours.  At  the  end  of  that   time,  the  po lymer i za t ion  

mixture  was  let  cool  to  room  t empera tu re .   The  nonvolat i le   of  the  suspension  was 

de te rmined   to  be  29.2%  and  the  viscosity  by  Ford  #4  cup  was  25  seconds .  

A  blend  of  suspension  polymer  (a),  epoxy-acryl ic   graft  copolymer, 

(Example  14a),  and  epoxy  phosphate  (Example  15)  was  prepared  as  follows. 

Into  a  5-liter  4-neeked  round-bot tomed  flask  was  charged  1000  g.  of  t h e  

suspension  polymer  (a)  and  754.5  g.  of  deionized  water .   The  flask  was  fitted  with 

nitrogen  inlet,  t he rmomete r ,   water  cooled  condenser   and  an  air  d r iven -mechan ica l  

st irrer .   The  mixture  was  heated  to  38°C,  and  18  g.  of  dimethylamino  ethanol  a n d .  

83.6  g.  of  deionized  water  were  added.  The  t e m p e r a t u r e   was  increased  to  48°C  and 

mixing  was  continued  for  15  minutes.  Then  55.9  g.  of  2-ethoxy-butanol-1  was  added 

followed  by  2.8  g.  of  deionized  water.   The  mixture  was  stirred  for  40  minutes  a t  

43°C  whereupon  200.3  g.  of  an  epoxy-phosphate   (Example  15)  was  added  in  30 

minutes  followed  by  68.2  g.  of  deionized  water  over  15  minutes.  Then  378.1  g.  o f  

epoxy-aery l ie   graft   copolymer  was  added  over  30  minutes  followed  by  77.1  g.  o f  

deionized  water   over  5  minutes.  Then  168.4  g.  of  n-butanol   was  added  in  10  minu tes  

followed  by  addition  of  29.1  g.  of  Cymel  303.  Additional  n-butanol  of  55.2  g.  was 

added  over  15  minutes  followed  by  the  addition  of  .205.4  g.  of  deionized  water.  The 

non-vola t i le   of  the  blend  was  15.1%,  and  viscosity  Ford  #4  cup  was  13  seconds.  A 

film  drawn  down  on  a  glass  plate  followed  by  baking  over  a  hot  plate  at  380°  F  for  5 

minutes  provided  a  smooth  coa t ing .  



EXAMPLE  24 

Blend  Containing  Epoxy  Graft  Acryl ic-conta ining  Phosphated  Monomer  

A  5L  flask  equipped  with  a  stirrer,   a  t he rmomete r ,   a  condenser,  and  a  N 2 

inlet  was  charged  with  434.5  gms.  of  2  butoxy  ethanol  and  heated  to  150°C.  When 

the  t empera tu re   was  at  150°C,  1000  gms.  of  solid  epoxy  resin  (Epon  1009F)  was  added  

slowly  to  dissolve  in  the  solvent.  When  all  the  epoxy  resin  was  dissolved,  t h e  

t empera tu re   was  lowered  to  115°C  and  507.7  gms.  of  n-butanol   was  slowly  added  t o  

maintain  the  t empera tu re   at  115°C.  A  mixture  of  159.1  gms.  of  methacryl ic   ac id ,  

83.2  gms.  of  styrene,  2.3  gms.  of  ethyl  acrylate,   25.6  gms.  of  glycidyl  m e t h a e r y l a t e  

phosphate,  21.7  gms.  of  benzoyl  peroxide  and  62.4  gms.  of  2-butoxy  ethanol  was  

added  to  the  epoxy  solution  over  1-1/2  hours.  After  all  the  monomer  mixture  was  

added,  34.9  gms.  of  n-butanol  was  used  to  rinse  the  addition  funnel.  The  r e a c t i o n  

mixture  was  kept  at  115°C  for  3  hours  to  complete   the  polymerizat ion.   The  r es in  

was  then  fed  into  an  agi tated  reducing  vessel  containing  a  mixture  of  2550  gms.  o f  

de ion ized   water  and  103  gms.  of  DMEA.  The- tempera tu re   of  the  resulting  blend  was 

50°C.  It  was  held  there  for  about an  hour,  then  the  blend  was  cooled  to  below  3 2 ° C  

by  adding  100  gms.  of  the  cool  deionized  water.  The  phosphated  epoxy-acrylic   g r a f t  

copolymer  was  blended  with  emulsion  copolymer  from  Example  1  to  produce  an  

excellent   spray  applied  interior  can  coating.  ; 

EXAMPLE  25 

Blend  containing  Epoxy  Acrylic  Melamine  G r a f t  

About 125  gms.  of  emulsion  copolymer  from  Example  1  were  added  to  a  

5L  flask  along  with  112.5  gms.  of  deionized  water.  This  mixture  was  agi tated  s lowly 

for  about  15  minutes.  A  premix  of  1.3  gms.  of  dimethyl  amino  ethanol  amine  and  12.5 

gms.  of  deionized  water  were  added  with  continued  agitat ion.   Then  9.5  gms.  of  2- 

butoxy  ethanol  was  added  and  followed  by  25.2  gms.  of  epoxy  phosphate  f rom 

Example  15  and  56.4  gms.  of  epoxy  acrylic  melamine  graft  produced  according  to  

E x a m p l e   1  in  U.S.  4,289,811.  Thereaf ter ,   28.5  gms.  of  n-butanol  and  3.7  gms.  o f  

aminoplast  resin,  Cymel  303,  were  added  and  mixed  very  well.  A  mixture  of  0.5 

gms.  of  DMEA  and  3.7  gms.  of  deionized  water  was  then  added  and  mixed  for  1  hour .  

The  resulting  polymeric  mixture  provided  an  excellent   spray  applied  coating  on  t h e  

interior  of  cans.  



EXAMPLE  26 

Blend  containing  Phosphory la ted   Hydroxy  Terminated   Po lybutad iene  

To  a  sui table   reactor   184  parts  of  hydroxy  te rminated   po lybu tad i ene  

(Hycar  1300x29  by  B.F.  Goodrich)  were  added  and  79  parts  of  2-butoxy  e thano l .  

Heating  and  ag i ta t ion   were  begun  with  N2  sparge  and  at  50°C  a  mixture  of  1.84  p a r t s  

of  super  phosphoric  acid  and  44  parts  of  2-butoxy  ethanol  was  added  slowly  over  11 

minutes.  The  t e m p e r a t u r e   of  the  reactants   was  retained  at  125°C  for  25  minu tes .  

At  the  end  of  this  hold  period,  3.7  parts  of  water  was  added  and  the  t empera tu re   o f  

the  reaction  mix ture   was  retained  at  125 C  for  2  hours.  At  the  end  of  the  hold 

period,  the  t e m p e r a t u r e   was  lowered   to  75°C  and  3.7  parts  of  dimethyl  amino  

ethanol  amine  was  added   and  followed  by  303.2  parts  of  water.  One  hundred  and  t e n  

parts  of  2-butoxy  e thanol   was  then  added  and  followed  by  25  parts  of  bu tano l .  

Twenty  six  parts  of  DMEA  was  added  and  200  parts  of  water  was  then  added  t o  

adjust  to  the  required  so l id .  

Blend  Composi t ion:  

To  a  5L  reac t ion   flask,  1000  gms.  of  water  dispersed  copolymer  f rom 

Example  13  were  added  along  with  754  gms.  of  water.   This  mixture  was  a g i t a t e d  

slowly  f o r  1 5  m i n u t e s .  A  p r e m i x  o f  1 8  g m s .   of  DMEA  and 200  gms.  of  water  w e r e  

added  with  cont inued  agi ta t ion.   Then  341.7  gms.  of  polybutadiene  phosphate  f r o m  

the-example  above  was  added  and  rinsed  by  17  gms.  of  water.  Thereaf te r ,   379.1  gms .  

of  epoxy  acrylic  copolymer   from  Example  14  were  added  and  rinsed  by  19  gms.  o f  

water.  Next ,   228.7  gms.  of  n-butanol  was  added  slowly  and  followed  by  a  mixture  o f  

8.73  gms.  of  butanol  and  29.1  gms.  of  Cymel  303.  To  adjust  the  mixture  to  r e q u i r e d  

solid  content,  63.4  gms.  of  water  was  added.  The  resulting  mixture  formed  good 

film  for  spray  applied  coa t i ngs .  



EXAMPLE  27 

Blend  Containing  Phosphorylated  P o l y e s t e r  

A  conventional  polymer iza t ion   vessel  equipped  with  a  st irrer,   c o n d e n s e r  

and  water  separator,   t he rmomete r ,   and  a  nitrogen  inlet  was  charged  with  a  tall  oil  

fatty  acid  (Sylfat  V-18)  and  heated  up  to  80°C.  When  the  t empera tu re   was  at  8 0 ° C ,  

5120  gms.  of  a  resinous  polyol  (RJ-101  from  Monsanto)  was  added  and  continued  t o  

heat-up  to  125°C.  A  vacuum  of  18"  was  needed  to  pull out  water  which  was  t r a p p e d  .  

in  RJ-101.  The  reaction  mixture  was  heated  to  240°C  and  xylene  was  added,  as  

needed,  to  aid  the  removal  of  water.   The  t empera tu re   was  maintained  at  240°C  f o r  

2-1/2  hours  and  the  acid  number  was  3.9  on  solid.  The  heat  was  turned  off  and  t h e  

reaction  mixture  was  cooled  to  120°C.  When  the  t e m p e r a t u r e   was  at  120°C,  1567 

gms.  of  acetone  was  added  very  slowly.  When  all  the  addition  was  finished,  t h e  

t empera ture   of  the  batch  was  51°C.  The  resulting  polyester  was  phosphorylated  as  

follows.  A  conventional  vessel  equipped  with  a  st irrer,   condenser,  and  a  

the rmomete r   was  charged  with  386.1  gms.  of resin  from  above.  At  25°C  15  gms.  o f  

P205  solid  was  added  with  stirring.  The  reaction  mixture  was  heated  up  to  125°C 

and  79  gms.  of  2-butoxy  ethanol  was  added  to  dilute  to  77.9%  solid.  This  

phosphorylated  polyester  was  then  added  to  a  water  dispersed  copolymer  (Example  

13)  and  epoxy-acrylic  copolymer  (Example  14)  to  produce  a  good  coating  for  s p r a y  

application  to  interior  of  cans .  

EXAMPLE  28 

Synthesis  of  Phosphated Epoxy-Acryl ic   G r a f t  

An  epoxy  phosphate  acrylic  copolymer  was  made  as  follows.  1141  gms.  o f  

95%  Epon  828  in  xylene,  614  gms.  of  bisphenol  A,  and  310  gms.  of  2-butoxy  e t h a n o l  

was  charged  into  a  5  1.  flask  equipped  with  a  stirrer,  a  t he rmomete r ,   a  N2  inlet,  a 

condenser  and  additional  funnel.  The  mixture  was  heated  to  90°C  with  N 2  s p a r g e ,  

when  the  t empera ture   was  at  90°C,  a  mixture  of  0.52  gm.  of  sodium  ace ta te   and  3 

gms.  of  water  was  added,  and  the  heat  was  continued  to  140°C.  When  t h e  

temperature   reached  140°C,  the  heat  was  turned  off.  The  exotherm  raised  t h e  

tempera ture   to  160°C.  The  heat  was turned  back  on  to  raise  the  t e m p e r a t u r e   t o  



I75°C.  The  react ion  mixture  was  held  at  175°C  for  five  hours  and  cooled  down  t o  

125°C  by  adding  360  gms.  of  2-butoxy  ethanol.  When  the  t empera tu re   was  at  125°C, 

a  mixture  of  7.32  gms.  of  polyphosphoric  acid  and  20  gms.  2-butoxy  ethanol  was 

added  slowly  and  held  for  30  minutes.  Thirty-four  gms.  of  water  was  then  added 

slowly  to  the  react ion  mixture  and  held  at  125°C  for  two  hours.  After   the  two  hours  

hold,  888  gms.  of  BuOH  was  added  to  the  reaction  mixture and  the  t empera tu re   was  

dropped  to  113°C.  A  mixture  of  283  gms.  of  methacrylic   acid,  148  gms.  of  s t y r ene ,  

and  4  gms.  of  ethyl  acryla te ,   38.5  gms.  of  benzoyl  peroxide  and  32.4  gms.  of  2- 

butoxy  ethanol  was  added  over  two  hours  and  then  the  react ion  mixture  was  held  a t  

114°C  for  addit ional  two  hours.  The  resulting  resin  was  then  dropped  into  t h e  

mixture  of  3867  gms.  of  DI  water  and  162  gms.  of  dimethyl  e thanolamine.   The  

phosphated  epoxy-acryl ic   graft   copolymer  was  mixed  with  a  latex  (Example  13).  The  

resulting  emulsion  was  a  stable  opalescence  emuls ion  which  gave  good  p r o t e c t i v e  

coating  for  steel  can  in  softdrink  application  when  cured  with  5%  Cymel  303. 



EXAMPLE  29 

Thermoset t ing   Copolymers  C o n t a i n i n g  

Alkyl  Hydroxy  Phosphate  S u r f a c t a n t  

Alkyl  hydroxy  phosphates  were  prepared  by  the  react ion  o f  

superphosphoric  acid  with  alkyl  epoxides  by  the  method  disclosed  in  U.S.  3,487,130. 

By  using  1,2-epoxyhexadecane,   240  parts  of  1 ,2-epoxyhexadeeane  were  a d d e d  

dropwise  to  a  stirred  solution  of  105  parts  superphosphorie   acid  in  200  p a r t s  

t e t rahydrofuran .   During  addition  of  epoxyhexadecane,   the  reaction  mixture  was  

maintained  at  1 0 - 1 5 ° C ,   after  which  time  it  was  slowly  raised  to  room  t e m p e r a t u r e .  

300  parts  of  diethyl  ether  were  then  added to   the  batch,  and  the  solution  washed  

with  two  200  ml.  portions  of  sa tura ted   sodium  chloride  solution.  The  organic  l a y e r  

was  dried  with  sodium  sulfate  and  solvent  evapora ted   to  yield  about  300  p a r t s  

hexadecane  hydroxy  phosphate.  Under  the  p repara t ive   conditions,  mono  and  d i e s t e r s  

comprise  the  majority  of  reaction  products .   Separat ion  of  hydroxy  phosphate  m o n o  

and  diesters  was  not  required  for  use  i n  w a t e r   dispersed  copolymers  nor  in 

epoxy/acryl ic   b lends .  

A  thermose t t ing   emulsion  copolymer  containing  the  foregoing  a lkyl  

hydroxy  phosphate  as  a  surfac tant   was  prepared  by  loading  115  parts  deionized  w a t e r  

and  0.10  parts  hexadecane  hydroxy  phosphate  into  the  reactor   and  heated  to  5 0  -  

52°C.  At  50°C  the  pH  of  the  solution  was  adjusted  to  8.5 -  9.0  by  the  addition  o f  

d i m e t h y l   e thanolamine,   and  then  heated. under  nitrogen  sparge  with  agitation  to  76  -  

78°C.  At  equil ibriated  reaction  t empera ture ,   the  nitrogen  sparge  was  d i scon t inued ,  

and  a  mixture  of  1.2  parts  styrene  and  0.80  parts  ethyl  acryla te   was  added  to  t h e  

reactor ,   and  emulsified  10  minutes.  After  this  time,  0.30  parts  ammonium  p e r s u l f a t e  

were  added  to  the  reactor,   and  allowed  to  react  at  least  20  minutes  before  beg inn ing  

the  monomer  feed .  

The  monomer  feed  consisted  of  55.0  parts  styrene,  26.0  parts  e thy l  

acrylate,   5.0  parts  methacrylic  acid  and  12.0  parts  N-isobutoxy  methyl  a c r y l a m i d e .  

Monomers  were  added  to  the  reactor  at  a  constant  rate  during  4.5 -  5.0  hours  whi le  

maintaining  the  batch  t empera ture   at  76 -   78°.  The  batch  was  then  held  an  

additional  two  hours  at  reaction  tempera ture ,   before  cooling  and  f i l t r a t ion .  



EXAMPLE  30 

Thermoset t ing   Copolymers  Con ta in ing  

Phosphate  Func t iona l i t y  

Monomers  containing  phosphate  funct ional i ty   were  prepared  by  t h e  

reaction  of  phosphorus  pentoxide  with  hydroxyl  ethyl  acry la te   using  the  m e t h o d  

disclosed  in  U.S.  3,686,371.  In  this  method,  140  parts  of  phosphorus  pentoxide  w e r e  

added  slowly  to  a  vigorously  stirred  solution  of  350  parts  hydroxyl  ethyl  acrylate   and 

0.05  parts  MEHQ  inhibitor.   Reaction  t empera tu re   was  mainta ined  at  25-35°  wi th  

external   cooling.  Af ter   addition  of  phosphorus  pentoxide  was  complete,   the  r e a c t i o n  

was  st irred  for  2.5  hours  at  30°C  and  then  heated  for  two  hours  at  45°  to  insure  

complete   react ion.   Both  mono  and  diesters  were  present  in  the  react ion  mixture  b u t  

did  not  require  separa t ion   prior  to  po lymer iza t ion .  

Phosphate   monomers  can  be  emulsion  or  so lu t ion  copolymer ized   using 

standard  semi-cont inuous   methodology.  Solution  polymerizat ion  is  b e s t  

accomplished  in  a  1:2  mixture  of  butoxy-ethanol   and  n-butanol.  E m u l s i o n  

polymerizat ion  can  proceed  in  aqueous  media  without  the  preserve  of  addi t ional  

organic  so lven t s .  

A  t he rmose t t i ng   emulsion  copolymer  containing  phosphate  monomer  was 

prepared  by  loading  110  parts  deionized  w a t e r   and  0.10  parts  sodium  d ihexyl  

sulfosuccinate   into  the  reactor .   The  solution  was  heated  under  nitrogen  sparge  t o  

76-78°C.  At  equi l ibr ia ted  reaction  t empera tu re ,   the  nitrogen  sparge  was  r emoved  

and  0.10  parts  ammonium  bicarbonate  added.  A  mixture  of  1.2  parts  styrene  and  0.80 

parts  ethyl  acry la te   was  then  added  to  the  reactor   and  emulsified  10  minu tes  

whereupon  0.30  parts   ammonium  persulfate  were  added  and  allowed  to  react  20 

minutes  before  beginning  the  monomer  f eed .  

The  monomer  mix  contained  35.5  parts  styrene,   50.0  parts  ethyl  a c ry l a t e ,  

4.0  parts  methacry l ic   acid,  10.0  parts  N-isobutoxy  methyl  aerylamide,   and  0.50  p a r t s  

2-phosphate  ethyl  me thac ry l a t e .   Monomers  were  added  to  the  reactor   at  cons t an t  

rate  during  4.5 -  5.0  hours  while  maintaining  the  react ion  t empera tu re   at  76 -  78°C.  

The  batch  was  then  held  an  additional  two  hours  at  react ion  t empera ture ,   dur ing 

which  time  an  additional  400  parts  deionized  water  was  added  to  reduce  viscosity.  



EXAMPLE  31 

Thermose t t ing   Copolymers  Containing  Alkyl  Phospha t e s  

Alkyl  phosphates  were  prepared  by  the  reaction  of  superphosphoric  a c id  

with  aliphatic  alcohols.  The  procedure  employed  is  identical   to  that  used  to  

phosphate  hydroxyl  alkyl  acrylates ,   as  i l lustrated  in  Example  29. 

A  the rmose t t ing   emulsion  copolymer  containing  alkyl  phosphate  was  

prepared  by  loading  115.0  parts  deionized  water  and  0.10  parts  octyl  phosphate  in to  

the  reactor   and  heated  to  50 -  52°C.  At  50 -  52°,  pH  of  the  aqueous  phase  was 

adjusted  to  pH  7 -  7.5  with  dimethyl  e thanolamine,   and  then  heated  under  n i t r ogen  

sparge  with  agitation  to  76  -   78°C.  At  equil ibriated  reaction  t empera tu re ,   t h e  

nitrogen  sparge  was  discontinued,  and  a  mixture  of  1.2  parts  styrene  and  0.80  p a r t s  

ethyl  acrylate   was  added  to  the  reactor .   This  monomer  portion  was  emulsified  10 

minutes  and  then  0.30  parts  ammonium  persulfate   were  added  to  the  reactor   and  

allowed  to  react   20  minutes  before  beginning  the  monomer  f e e d .  

The  monomer  mix  contained  45.0  parts  styrene,  38.0  parts  ethyl  a c r y l a t e ,  

5.0  parts  methacryl ic   acid,  and  1 0 . 0  p a r t s   N-isobutoxy  methyl  a c r y l a m i d e .  

Monomers  were  added  to  the  reactor  during  3.5 -   4.0  hours  while  maintaining  t h e  

batch  t empera tu re   at  76 -  78°C.  During  the  monomer  feed,  an  additional  900  p a r t s  

of  deionized  water  were  added  to  the  batch  to  reduce  viscosity.  The  batch  was  held 

an  additional  three.hours  at  react ion  t empera tu re   before  cooling  and  f i l t r a t i on .  

The  foregoing  emulsions  produced  in  Examples  29-31  were  each  mixed 

with  an  epoxy-acrylic  copolymer  in  accordance   with  this  invention  to  produce  an 

excellent   interior  can  coa t ing .  



EXAMPLE  32  

Prepara t ion   of  Water  Soluble  Dispersion 

A  5L  flask  equipped  with  a  t he rmomete r ,   a  condenser,  a  s t i rrer ,   and  a  N 2  

inlet  was  charged  with  a  mixture  of  1000  gms.  of  DI  water  and  114.6  gms.  of  d i m e t h y l  

aminoe thano l   The  mixture  was  heated  to  85°C.  A  monomer  mixture  containing  548 

gms.  of  styrene,  487.1  gms.  of  ethyl  acrylate ,   121.7  gms.  of  methacryl ic   acid,  24.3 

gms.  of  benzoin,  379.5  gms.  of  butyl  cellosolve,  379.5  gms.  of  n-butanol,   60.9  gms.  o f  

N(isobutoxy  me thy l )   aerylamide,   and  34.8  gms.  of  ter t -butyl   hydroperoxide  was  

added  over  4  hrs.  When  the  addition  of  monomer  mixture  was  completed,   t h e  

react ion  mixture  was  held  at  85°C  for  1  hour.  Then,  900  gms.  of  DI  water   was  a d d e d  

and  followed  by  a  mixture  of  100  gms.  of  DI  water  and  34.8  gms.  of  te r t -buty l   hyd ro -  

peroxide.   The  react ion  mixture  was  held  at  85°C  for  another  2  hus.  to  complete   t h e  

po lymer i za t ion .  

Blend  C o m p o s i t i o n  

To  a  5L  flask  equipped  with  a  condenser  and  a  stirrer,   1514  gms.  of  w a t e r  

soluble  dispersion  from  the  foregoing  water  soluble  dispersion  were  added  along  w i th  

463  gms.  of  DI  water.   The  mixture  was  mixed  for  15  minutes.  Next,  200.3  gms.  o f  

epoxy  phosphate  from  Example  15  was  added  and  rinsed  with  200  gms.  of  DI  w a t e r .  

The  resulting  mixture  was  mixed  for  1  hr.,  then  379.1  gms.  of  epoxy  a c r y l i c  

copolymers  from  Example  14  was  added  and  rinsed  with  200  gms.  of  DI  water.  T h e  

mixture  wa  stirred  for 1  hr.  A  mixture  of  13  gms.  of  n-butanol  and  29.1  gms.  o f  

Cymel  303  was  then  added  and  followed  by  100  gms.  of  DI  water.  The  r e su l t i ng  

mixture  was  mixed  for  2  hrs.  and  then  f i l t e r e d .  

The  result ing  polymeric  mixture  was  cured  and  provided  good  i n t e r i o r  

can  coa t ing .  



EXAMPLE  33 

Blend  with  Ammonium  Phospha te  

To  a  5L  flask  equipped  with  a  condenser  and  a  st irrer,   1000  gms.  of  l a t e x  

from  Example  1  were  added  along  with  1000  gms.  of  DI  water.  A  mixture  of  18.1  gms.  

of  dimethyl  ethanol  amine  and  50  gms.  was  then  added  slowly.  Next,  76.6  gms.  o f  

butyl  cellosolve  and  222.8  gms. of  n-butanol  were  added  to  the  mixture.  T h e r e a f t e r ,  

715  gms.  of  epoxy  acrylic  copolymer  from  Example  14  was  added  and  continued  t o  

stir  for  2  hrs.  Then,  1.33  gms.  of  ammonium  phosphate  was  added  and  continued  t o  

stir  for  an  additional  1  hr.  The  result ing  mixture  was  then  mixed  with  5%  C y m e l  

303.  The  coating  was  cured  into  a  clear  film  with  good  film  p r o p e r t i e s .  



1.  A  w a t e r   d i s p e r s e d   c o a t i n g   c o m p o s i t i o n   c o m p r i s i n g  

on  a  p o l y m e r   s o l i d s   w e i g h t   b a s i s :  

b e t w e e n   5%  and  99%  of   a  s e l f - c u r i n g   w a t e r   d i s p e r s e d  

p o l y m e r   c o m p r i s i n g   c o p o l y m e r i z e d   e t h y l e n i c a l l y   u n s a t u r a t e d  

a l k y l o l   a c r y l a m i d e   m o n o m e r ,   e t h y l e n i c a l l y   u n s a t u r a t e d  

f u n c t i o n a l   monomer   c o n t a i n i n g   r e a c t i v e   f u n c t i o n a l   g r o u p s ,  
and   o t h e r   e t h y l e n i c a l l y   u n s a t u r a t e d  m o n o m e r ;  

b e t w e e n   1%  and  70%  e p o x y - a c r y l i c   c o p o l y m e r ;   a n d  

b e t w e e n   0%  and   50%  of   a  p h o s p h a t e d   p o l y m e r .  

2.  A  c o m p o s i t i o n   as  c l a i m e d   in   c l a i m   1,  c h a r a c t e r i z e d  

i n   t h a t   s a i d   p h o s p h a t e d  p o l y m e r   i s   p r e s e n t   in   an  a m o u n t  

o f   f r o m   3  to   20%  on  a  p o l y m e r   s o l i d s   w e i g h t   b a s i s .  

3 .   A  c o m p o s i t i o n   as  c l a i m e d   i n   e i t h e r   o f   t h e  

p r e c e d i n g   c l a i m s ,  w h e r e i n   t h e   c o m p o s i t i o n   f u r t h e r   c o m p r i s e s  

f r o m   1  to   10%  of   an  a m i n o p l a s t   r e s i n   on  a  p o l y m e r   s o l i d s  

w e i g h t   b a s i s .  

4.  A  c o m p o s i t i o n   as  c l a i m e d   in   any  one  of  t h e  

p r e c e d i n g   c l a i m s ,  w h e r e i n   t h e   a l k y l o l   a c r y l a m i d e   c o m p o n e n t  

of   t h e   s e l f   c u r i n g   w a t e r   d i s p e r s e d   p o l y m e r   i s   an  a l k y l a t e d  

a l k y l o l   a c r y l a m i d e .  

5 .   A  c o m p o s i t i o n   a c c o r d i n g   t o   any  one  of   t h e  

p r e c e d i n g   c l a i m s ,   w h e r e i n   s a i d   f u n c t i o n a l   monomer   c o n t a i n s  

c a r b o x y l ,   h y d r o x y ,   amino   o r   a m i d o   g r o u p s .  
6.  A  c o m p o s i t i o n   a c c o r d i n g   to   any  one  of  t h e  

p r e c e d i n g  c l a i m s ,   w h e r e i n   t h e  e p o x y   a c r y l i c   c o p o l y m e r  i s  

a  g r a f t   c o p o l y m e r ,   i n   a d m i x t u r e   w i t h   u n g r a f t e d   p o l y m e r .  

e p o x y   r e s i n   and   u n g r a f t e d   a c r y l i c   a d m i x t u r e   p o l y m e r .  

7.  A  c o m p o s i t i o n   a c c o r d i n g   to   any  one  of  t h e  

p r e c e d i n g   c l a i m s ,   w h e r e i n   s a i d   e p o x y   a c r y l i c   i s   a  p h o s p h a t e d  

e p o x y - a c r y l i c   p o l y m e r .  

8.  A  c o m p o s i t i o n   a c c o r d i n g   to   any  one  of   t h e  

p r e c e d i n g   c l a i m s ,   w h e r e i n   s a i d   e p o x y   a c r y l i c   c o p o l y m e r   i s  

an  e p o x y   a c r y l i c   e s t e r   c o p o l y m e r .  

9.  A  c o p o l y m e r   a c c o r d i n g   t o   any  one  of   t h e   p r e c e d i n g  



c l a i m s ,   w h e r e i n   s a i d   s e l f   c u r i n g - w a t e r   d i s p e r s e d   p o l y m e r .  
was  f o r m e d   by  c o p o l y m e r i z a t i o n   of  i t s   c o n s t i t u e n t   u n i t  
in   t he   p r e s e n c e   of  a  p h o s p h a t e   or  p h o s p h o r i c   a c i d .  
10.  A  c o m p o s i t i o n   a c c o r d i n g   to  any  one  of  t he   p r e -  
c e d i n g   c l a i m s ,   w h e r e i n   a  p h o s p h a t e d   p o l y m e r   i s   p r e s e n t   a n d  
s a i d   p h o s p h a t e d   p o l y m e r   c o m p r i s e s   an  epoxy   p h o s p h a t e .  

11 .   A  c o m p o s i t i o n   a c c o r d i n g   to   any  one  of  t h e  

p r e c e d i n g   c l a i m s ,   w h e r e i n   a  p h o s p h a t e d   p o l y m e r   i s   p r e s e n t  
and  i s   s e l e c t e d   f r o m   a)  p h o s p h a t e d   r e s i n o u s   p o l y e l e c t r o l y t e  

p o l y m e r s   p r o d u c e d   by  r e a c t i n g   e t h y l e n i c a l l y   u n s a t u r a t e d  

m o n o m e r s   i n c l u d i n g   c a r b o x y l   or   h y d r o x y l   monomer   in   w a t e r  

c o n t a i n i n g   an  i o n i z i n g   a g e n t ,   b)  p h o s p h a t e d   e p o x i d i z e d   o i l  

c)  p h o s p h a t e d   e p o x i d i z e d   b u t a d i e n e   c o p o l y m e r ,   d)  p o l y m e r  

c o n t a i n i n g   c o p o l y m e r i z e d   p h o s p h a t e   m o n o m e r ,   e)  p h o s p h a t e d  

p o l y e s t e r .  

1 2 .  ,   A  w a t e r   d i s p e r s e d   c o a t i n g   c o m p o s i t i o n   c o n t a i n i n g  

a  w a t e r   d i s p e r s e d   s e l f - c u r i n g   p o l y m e r   c o m p r i s i n g   c o p o l y m e r i z e d  

e t h y l e n i c a l l y   u n s a t u r a t e d   a l k y l o l   a c r y l a m i d e   m o n o m e r ,  
e t h y l e n i c a l l y   u n s a t u r a t e d   f u n c t i o n a l   monomer   c o n t a i n i n g  

r e a c t i v e   f u n c t i o n a l   g r o u p s ,   and  o t h e r   e t h y l e n i c a l l y   u n -  
s a t u r a t e d   monomer ,   w h e r e i n   t h e   s e l f - c u r i n g   p o l y m e r   c o n t a i n s  

p h o s p h a t e .  

13 .   The  c o m p o s i t i o n   in   c l a i m   12,   w h e r e i n   t h e   p h o s p h a t e  
i s   an  a l k y l   p h o s p h a t e   e s t e r   monomer   c o p o l y m e r i z e d   w i t h   t h e  
o t h e r   m o n o m e r s .  

14.   A  p r o c e s s   f o r   p r e p a r i n g   a  c o p o l y m e r   as  c l a i m e d  

in   any  one  of  c l a i m s   1 - 1 0 ,   w h i c h   c o m p r i s e s  

p o l y m e r i z i n g   i n   w a t e r   a  monomer   m i x t u r e   c o m p r i s i n g  

e t h y l e n i c a l l y   u n s a t u r a t e d   a l k y l o l   a c r y l a m i d e   m o n o m e r ,  

e t h y l e n i c a l l y   u n s a t u r a t e d   f u n c t i o n a l   monomer   c o n t a i n i n g  
r e a c t i v e  f u n c t i o n a l   g r o u p s ,   and  o t h e r   e t h y l e n i c a l l y   u n -  
s a t u r a t e d   monomer  to  p r o v i d e   a  s e l f - c u r i n g   w a t e r   d i s p e r s e d  

p o l y m e r ;   a n d  

m i x i n g   s a i d   s e l f - c u r i n g   w a t e r   d i s p e r s e d   p o l y m e r  
w i t h   an  e p o x y - a c r y l i c   c o p o l y m e r   and  o p t i o n a l l y   p h o s p h a t e d  

p o l y m e r   to   p r o v i d e   a  w a t e r   d i s p e r s e d   c o m p o s i t i o n   c o m p r i s i n g  



b e t w e e n   1%  and  99%  o f . s a i d   s e l f - c u r i n g   p o l y m e r ,   b e t w e e n   1% 
and  70%  of  s a i d   e p o x y - a c r y l i c   c o p o l y m e r ,   and  0%  to  50% 

p h o s p h a t e d   p o l y m e r .  

15.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   14,   w h e r e i n   t h e  

m o n o m e r s   f o r   t h e   s e l f - c u r i n g   p o l y m e r s   a r e   p o l y m e r i z e d  
in   t h e   p r e s e n c e   of   i o n i z i n g   a g e n t   to   p r o d u c e   a  r e s i n o u s  

p o l y e l e c t r o l y t e   w a t e r   d i s p e r s e d   s e l f - c u r i n g   p o l y m e r .  
16.   A  p r o c e s s   a c c o r d i n g   t o   e i t h e r   c l a i m   14  or  1 5 ,  
w h e r e i n   t h e   a l k y l o l   a c r y l a m i d e   monomer   i s   p r e f e r e n t i a l l y  

c o p o l y m e r i z e d   on  t h e   s u r f a c e   p o r t i o n   of  t h e   s e l f - c u r i n g  

w a t e r   d i s p e r s e d   p o l y m e r .  

17 .   A  p r o c e s s   a c c o r d i n g   to   a n y  o n e   of   c l a i m s   14,  1 5  

and  1 6  w h e r e v e r   t h e   m o n o m e r s   a r e   p h o s p h a t e d   i n   t h e   p r e s e n c e  
o f  a   p h o s p h a t e - s u r f a c t a n t .  

18.  The  u s e   of   a  c o m p o s i t i o n   a c c o r d i n g   to  any  o n e  

of  c l a i m s   1 - 1 3 ,   w h i c h   c o m p r i s e s   s p r a y i n g   an  a p p l i c a t i o n  

of  s a i d   c o m p o s i t i o n   t o  a   s u b s t r a t e   and  t h e n   h e a t   c u r i n g   t o  

c r o s s - l i n k   s a i d   f u n c t i o n a l   g r o u p s   w i t h   s a i d   a l k y l a t e d  

a c r y l a m i d e   g r o u p s .  

19.   A  c o m p o s i t i o n   a c c o r d i n g   to  any  one  of   c l a i m s  

1-6  w h e r e i n   s a i d   e p o x y ' a c r y l i c   c o p o l y m e r   i s   q u a t e r n a r y -  

p o l y m e r .  

20.  A  c o m p o s i t i o n   a c c o r d i n g   to  a n y o n e   of  c l a i m s  

1-6   w h e r e i n   s a i d   e p o x y   a c r y l i c   c o p o l y m e r   i s   p r o d u c e d   b y  

r e a c t i o n   e p o x y  r e s i n   w i t h   a  m e l a m i n e   g r a f t   c o p o l y m e r  

m i x t u r e   of  m e l a m i n e   and  a c r y l i c   c o p o l y m e r   i n   t h e   p r e s e n c e  

of  s u f f i c i e n t   a m i n e   to   p r o d u c e   a  n o n - g e l l e d   e p o x y - a c r y l i c  

e s t e r   c o p o l y m e r .  
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